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TO HER 


ROYAL HIGHNESS, 
THE 


PRINCESS ROYAL. 


Mapan, 


1 BEG permiſſion t to mn my grateful 
ſenſe of the honour Your Royal Highnels 
has conferred' on me, in permitting theſe 
Volumes to be inſcribed with Your Hluſtrious 
-Name. | 


1 moſt humbly preſent them to Your 
notice; and am enabled to do this with the 
greater confidence, from the nature of the ſub- 
1 ject, rather than from the manner of the exe- 
cution. Every days obſervation has pointed | 
out the boundleſs wiſdom: in the one, and the 
4 Nun * in the other. 


2 | Theſe 


11 | DEDICATION. 


Theſe Lectures are intended as a diſplay 
of the divine goodneſs, wiſdom, power, and 
order, manifeſted in the works of creation. 
The knowledge of ſuch works will prove no 
mean commentary on the ArL PERFECT 
WORD OF LIFE, no feeble aſſiſtance to praiſe 
and adore the AurHOR of every bleſſing. 
Such practical knowledge forms the true 
riches of the human mind, raifes man in the 
ſcale of intelligent beings, and may deſervedly 
claim attention from thoſe who are moſt ele- 
' vated in rank, and moſt amiable in diſpo- 
fition. 


In true philoſophy Your Royal Highneſs 
will diſcover that there is nothing to be 
feared; it will always be found the firm friend 
of religion and order. It does not degrade. 
the belt expettations of man, by deriving them 
from ignorance. and ſuperſtition, or by 
| queſtioning the BEING and GOODNEss of Him 
who governs all: it does not undermine or 
allault the fair ſtructure and mutual depend- 
ance of civil ſociety, by infuſing the ſpirit of 
_ ambitious diſcontent, and introducing. the 
69 of e equality. g 

May 


DEDICATION. | V 
May health and happineſs be Vis High- 


neſs's portion in time, preparatory to the 
fuller bleſſings of eternity: may You ſee Your - 
Honoured Father's extenfive and extending 
_ realms flouriſhing in proſperity and peace, 
neither ſeduced by falſe philoſophy, nor con- 
vulſed by democratic violence. 


I am, with the greateſt reſpe®, 


Map AM, 


Your Royal Highneſs's 
Moſt obliged, 
And moſt humble Servant, 


| GEORGE ADAMS. 
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"HE plan of this work firſt occurred to- 


me about twenty-five years ago ; I was 
then for a ſhort time in France and Switzer- 
land, an eye-witneſs to the zeal and induſtry 
with which principles were there propagated 
under the veil of philoſophy, that are ſub- 
verſive of all order. and 6 I obſerved 
that philoſophical ſocieties were formed and 
forming; to extend the influence, and to aug- 
ment the importance of writings directly op- 
poſed to divine revelation. . 

It was evident from the works of theſe 
pretenders to philoſophy, that they inveſtigated 
nature only with a view to darken the mind, 
and prevent mankind from conſidering any 
thing as real, but what the hand could grafp, 


or the corporeal eye perceive. For you find 


them continually embracing every opportunity _ 


to ridicule our belief in Moſes and the pro- 
phets, and cenſuring us for admitting the evi- 
dences, or believing the truths of revelation ; 
though it is a Ws ee which juſtifies itſelf 


from the creation of the world, which declares 


every truth that a wiſe man would wiſh to hear; 


„ though 


" 
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though it is ſupported by divine authority, 


and confirmed by all the affurances that 
human teſtimony can afford, or the rational 


mind require. 


Alarmed at what I ſaw, and what Lind. 


it appeared to me of the utmoſt importance to 
contrive means effectually to repel notions ſo 
pernicious to mankind, and ſo repugnant to 
truth. 1 conceived that the beſt method of 
defeating their deſtructive purpoſes, and de- 
3 them of their baneful influence, would 

e by ſhewing that they were neither friends to 
philoſophy, pr hat any right to the title of 


philoſophers; that this end would be anſwer- 
ed by exhibiting a ſyſtem of philoſophy, which 


ſhould point out their errors, and ſhew that 
no operation in nature would authorize the 
conclufions that they had attempted to deduce ; 
that phy/ics, properly underſtood, would ever 
go hand in hand with religion, and all it's 
branches converge in Gop, the center of all 


” truth, the ſource of all perfection. 


With theſe views, I began to collect 
materials for ſuch a work. But.on my return 


to England the tenets of theſe men and their 
practices being removed from my view, I laid 
aſide the deſign, nor did I think of reſuming 


it, till I ſaw the attempts that were made here 
to propagate the ſame principles by the ſame 
means; till I ſaw a philoſophical ſociety pub- 
liſhing tracts hoſtile to good order, and the beſt 
intereſts of mankind; till I had reaſon to 
think that men were henſioned by republicans, 
and brought forward in various ſituations to 

gw 


Fl 
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ive credit to their party; till it was pub- 
« hcly avowed, that the men who were purſuing 
here the ſchemes that have made France a 


ſcene of ruin and deſolation, were known 
to be philoſophers, and friends of humanity, 
- ſuperior to the creed of any ſect, and zndiffer- 


ent to the dogmas of any popular faith.” It 


was then high time to ſhew, that true philoſo- 


phy was no friend to their principles; for in a 
proper ſenſe, it implies a love of wiſdom; and 
it's end is to promote truth, and diſſeminate 
happineſs ; whereas modern arr ar make 


adge of infidelity, 


it the ornament of folly, the 
the road to anarchy and rebellion. 


To anſwer theſe great purpoſes, I reſumed 


my plan, and have endeavoured to render the 
uſeful and important truths diſcovered by na- 
tural and experimental philoſophy familiar 
and eaſy; to bring together that knowledge 
which 1s diſperſed in many volumes; and to 


concenter in one work the labours of the wiſe 


men of different countries and ages. 


It has been my intention to render this 


work a ſource of uſeful and active entertain- 
ment to young perſons ; and at the ſame time 
that it opened their minds to enlarged views 
of nature, and the univerſe, it ſhould point 
out the true methods of reaſoning in philoſo- 

hy, and teach them to diſtinguiſh what is 


ound and ſolid therein, from what is hollow) 


and vain; that it ſhould lead them, from a 
- conſideration of the works of Gop, to ac- 
knowledge and reverence his power, wiſdom, 


and goodneſs ; and prove that natural philo- 
| ſophy 


— — 


» 
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ſo hy affords no ſupport to the wretched 
ſyſtem of materialiſm, but concurs with re- 


hgion in endeavouring to enlighten the mind, 


to comfort the heart, to eſtabliſh the welfare 
of ſociety, and promote the Love OF ORDER. 


I withed ſo to execute this work, that 


while on the one hand it inſtructed thoſe who 


know nothing of. thele delightful ſciences, it 
might on the other not be u 


eleſs to thoſe who 


1 


are more converſant in them, by preſenting 


the ſubject in a point of view in which it has 
been ſeldom noticed by other authors, and 
treating of ſome branches that have been alto- 
gether neglected by the writers on natural 


philoſophy. . Whether I have been ſo happy 


as to ſucceed in my deſigns; whether I have 
been able to place theſe ſubjects in a clear and 

lain light, and thus open a wider gate to the 
Por field of knowledge, muſt be left to the 
decifion of an intelligent public. 


For my own part I can ſay, that I have 


endeavoured by every labour of inquiry, and 
induſtry of reſearch, by arrangement and me- 
thod, to convey in a clear and conſpicuous 
manner a general knowledge of the ſtupen- 


dous operations that are carrying on in nature. 


The ſubject is indeed ſometimes varied by, 
digreſſion, and the reader is now and then 
carried back into ancient days; but this is 
never done but with a view of conveying fur- 


U 


ther inſtruction, or rendering the ſubject more 


obvious. Some repetitions will alſo be found, 


but ſeldom except where a clearer explanation 


e oppo Hccurred, 
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occurred, or a further application is pur- 
fr. 1 CER 5 
If any juſtification be neceſſary for treat- 
ing of divine matters in phyſical books, it 
may be vindicated by the examples of the firſt 
and viſeſt men the world ever produced: 


among theſe our great Newton,* who held it 


proper to treat of God and his attributes in 
natural philoſophy. And every wiſe and 
good man muſt wiſh to ſee the relation be- 


tween divinity and philoſophy farther opened 


and better eſtabliſhed.” 

A4 s I do not wiſh to incur the charge of 
plagiariſm, with pleaſure I acknowledge the 
lance I have received from different authors. 
As I have uſed an unreſerved freedom in ſelect- 
ing from their works whatever would anſwer 


my purpoſe, I have ſubjoined a liſt of the” 


principal ſources of my own knowledge. 


To the Rev. Mr. William Jones, F. R. S. Tam 


particularly indebted ; his capacious mind and 


active powers graſp with no common energy 
every branch of ſcience; and there are few 
that he has not enriched by novelty of obſerva- 
tion, or illuſtrated by perſpicuity of manner. 
To Mr. de Luc, F. R. S. Sc. I am allo under 
| great ob ations; his works have been long 

non and highly eſteemed, and will continue 
ſo as long as ſound reaſoning and phyſical logie 
have any claims to the attention of mankind. 


Et hæc de Deo; de quo utique ex phænomenis differ- 
ere, ad philoſophiam experimentalem pertinet. Newt, Prin, 
Schol, Gener. ' ö ; 


If 
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did they become, and the leſs apology will 


they require for my imperfections or over- 


fights as a writer and philoſopher. I may 


not have enjoyed thoſe advantages of 'edu- 
cation which others poſſeſs; I could not poſ- 


fibly repeat every experiment which is here 


noted. During the compoſition of theſe Lec. 


tures I have had to attend to the grateful 
calls of daily buſineſs, and have ſtruggled. 


with much weakneſs and languor. The ideas 
of mental perfection are ſeldom if ever rea- 
lized. The author is often the firſt to obſerve 
ow much is deficient, I do not pretend 
be indifferent to the judgment or the 
probation of the public regarding a work 
which has colt me much thought, ume, and 
_ | expence. 
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expence. I think I may ſafely recommend 
it to the youth of both ſexes, particularly to 
thoſe who are delighted and improved with the 
Reflections of Sturm : they will here find, that 
the ſame ſubjects are in a great meaſure conti. 
nued and enlarged, but I truſt with this ad- 
vantage, that they are placed on their phi- 


loſophical and mathematical foundation, are 
connected with other parts of the univerſal 


ſyſtem, are arranged in general and perſpi- 
cuous order, and may be conducive to fur- 


ther diſcoveries, and more accurate inveſti 


gations of nature. 
To render this work more uſeful, J have 
added a copious index, and references to 
the figures of the plates. The references to 
the figures of Vol. 1 and 2, are at the end 
of their reſpective volumes. The references 
for Vol. 3 and 4, are at the end of the 4th 
volume. The index and plates conſtitute à 
fifth volume. | 
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/ Page 1, line 21, after equal, inſert in volume. P. 15, I. 24, 
For (I) read (d). P. 18, 1. 9, for hail read rain. P. 97, 1. 28, 
Tor pl. g read pl. 4. P. 21, 1. 10, for bliſtord read bliſteted. 
P. 365, I. ga, dele from Therefore, to depend, P. 381, l. g2, for 
is, Fead it. . Ti 7 


P. 155 I. 20, read of the new; in the ſame line read emiſſion of 
the. P. 60, 1. 16, for leads read lead. P. 72, 1. 3, for filled 
dead fitted. P. 7g, 1. 1, for piſton read friction. P. 76, 1. 18, 
"for conctenſion read condentation. P. 100, l. g, for lending, 
read lends. P. 149, I. a, dele is. P. 180, 1.1, for fig. 12, pl. 2, 
read fig. 2, pl. 2. P. 194, I. 8, for fig. 15 read fig. 15 P. 206, 
L 12, for ſoint, read joint. P. 286, 1. 18, for fig. 1 read fig. 10, 
pi. g. P. 390, 1.15, for fig. 11 read fig. 14, pl. 7. P. 485, I. 6, 
For fig: 13; pl. 6, read fig. 137, pl. 6. P. 509, I. 20, after dias 
gram inſert fig. 16, pl. 7. „„ | 


VV 


P. 62, I. 24, for he read the. P. 177, for fig. ga, read fig. 9, 
2. P. 281, by ſome miſtake the figure here referred to has not 
engraved the ſubject is fo clear, that it will not be of material 
canſeguence. P. 293, for fig. 4, pl. 5, read fig. 4, pl. g. P. gig, 
Jor lig. 2, pl. 6, read fig. 3, pl. 5. P. 449, I. 4, for 99 read 49. 

P. 302, I. 7, inert fig. 9, pl. 3. 1 5 


5 Vol. IV, 
PF. 46, l. 17, For miles read minutes. 
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Rt. How. M arquis of Abercorn, eie Square 
Sir John Aubrey, Bart. Dorton og a 
Sir John St. Aubyn, Bart. North Audley 1 8 „ ; 
Rev. William Agutter, A. M. 5 | | 
1 Allen, M. D. Dulwich, 3 ſets. 
r. Allen, Leadenhall Street. 
Allen, Eſq. Finſbury Square. 
William Atherton, Eſq. Preſcot, Lancaſhire. 
Mr. James Alexander, Kelvedon, Eſſex... 
John Arden, Eſq. Pepper Hall, Yorkſhire. 
Alexander Allardye, Eſq. M. P. St. James's Street. 
Atkinſon, Eſq. Fray rw | 
Mr. John Aue, Newcaſtle upon Tyne. © 
* r. Allen, Petty Bag Office, in CO” Lane. | 
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Mr. Dudley 8 Mathematical Inſtrument- maker, 


Charing Cie. 
Alberto n, Eſq. Verma. 
- Abairncroſs, Eſq. Bread St. Hill: 
S. Archer, Eſq. Elfordleigh. 
Mr. Archer, Dublin, 10 ſets. 
Mr. Abbot, Fleet Street. % 
J. D. Aigular, Academy, Menchefler. 
William Adar, Eſq. M. P 
S. Avery, Eſq. Uxbridge. 
J. Atchefon, Eſq. Londonderry. 
William Aynge, Elq. Gopthall Court. 
William Armiſtead, Eſq. Clements Lane: - 
Mr. Allen, Canley, near Coventry. 
Rev. Mr. Andrews, Margrave, Berks: 
J. Hervey Atton, Eſq. Hill Street. 
Antonius Lopez de Abrue, Queen Street. 
Rev. B. Anderſon, Penn, near Beaconsfield: + 
Mr. James Blake Adams, Hampſtead. 
Mes. Adams, Dukwich. 
Mr. Arch, Bookſeller, Gracechurch Street, 6 copies. 
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Sir J bn Berney, Bart. Kirby, Norfolk. 
Lady Blais, ,Cock/but Hall. | 

'Mr. Babington. Guy's Hoſpital. 

Mr. William Blunt, /Shrewfbury. 

Mr. Foſeph Blunt, Clements Inn. 

—— Baſkerhe!d, Eq. Hart Street, Bloomſbury. 
Mr. Berisford, Beud'ey, Warcefterſhire. | 
Mr. Gideon Bickerdike, ee e 

John Blagrave, Eſq. Baker, Street. 

R. H. A. Bennet, F. R. S. F. A. S. Pall Mall. 
I. I. Bernal, Deen Square, Blocmſbury. | | 
P. P. Barraud. Mine Office Court, Fleet Street. 
Joſeph Binwell, Eſq. Batterſea. | 
I. M. Bloomfield, Mzyxorzes. 

J. Broome, jun. Eſq Poole, Daryet. 

Mr. Bonington, Humpftead. 

John Birch, Eiq.. Spring. Gardens. 


M. . Bradiy, Halifax. Yorkſhire, 6 ſets. 


Bonnygeſtle, Eſq. Maolꝛuich. 
Mr. Berntleat,.. Oxford Street. 
G. Biggin, Eſq. 
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Robert Blair, Eſq. Merehifion, Edinburg h. 1 

J. Bence, Bookſeller, Walton. underedge, Clube. 
Mrs, Hicks Beach. 

George Blackman, Eſq. Chatham Place. 

Mr. William Birch, #/atbrook.. 

Mr. Bundy, Camden Town, 2 ſets. 


J. Brown, Eſq. Shoreditch. 


Rev. Mr. Blanchard, Nottingham. 
Brander, E 1 ee, Street. 
Dr. Bellecombe, New Bridge Street. 1 
— Brailsford, Eſq. Kentiſh Torun. 11 6 
Mr. William Butler, Earl of Derby's, Groſvenor Square. 
Robert Barclay, Eſq. Clapham Terrace. 

ohn Beard, Eſq. Doctors Commons. 

J. Bryan, ſen. South- moulton, Devon. 


John Blakes, Eſq. Great St. Helens. 


1 e Bayley, F. R. S. Hope, bear Al. 
cht | 
William aldwin, Eſq. Auditors Uſer. 
John Bartrim, Eſ Ahnwick. 1 
7 01 Bicknell, Ech. Staplis Inn. 
Joſeph Beelley, Morceſter. 
Book Society, Lewes. 
Mr. Banwell, Academy, Briſtington. LEH 
Mr. Barnard, Stable Yard, St. Fames's. 
Mr. Blunt, Mathematical I 3 Curnbill, - 


Walter Bracebridge, Eſq. Baynars Ly Ti n Sime. 


A. Bold, Eſq. C. C. College, Oxford. 
M. eee Eſq. Qucenßithe. 


William Black, Eſq. Groue, near ar Epping. 


Arthur Braithwaite, Eſq. | 
Thomas Burke, Eſq. Jamuica. 


Mr. John Baker, Sali/bury Square. 
Anthony Brough, Eſq. Clapham Terrace. 


Mr. Thomas HlioeX rown, Coleman: Street. 
Mr. J. Buddle, Buſbblades, near Newcaſtle. 
Mr. Thomas Henry Bill, Lettie 1 
Rev. William Butts, Glemsford, S 

Rev. Thomas Barnes, D. B. Manche 


: \ 


oy e Baſs, Eſl 95 Navy Surgeon. 
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as Dr. Beaufort, Irxland. 


_ Lieut. Col. Thomas Barker, Sevaneh I Mar, Gangs, 
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Mrs: Benn, Leatherhead, Surry. 

Mr. Baſil, Academy, Mancheſter. | 
Mr. Brown, Bookſeller, Strand, 2 ſets. 
John Bell, Eſq. Stratford, Effex. 
William Birch, Eſq. Mancheſter. 
Richard Blofield, Ein. Bouverie Street. 
Mr. Brookes, Mancheſter. 


Hawkins Brown, Eſq. M. P. Heules, Roche ert s 


r. John Bryan, Newgate Sire. 
Capt. William Bentinck, F. R. S. Royal Navy. 
John Bree, Stratford upon Avon. 
John Bentinck, Eſq. Stratton e, 


Miſs Bentinck, Ditto. 


Lieutenant Bullen, Toolæy Street. 
Mr. William Bowes, jun. Biſhopſgate Street; 


George Barrett, Ei 5 Godalming, Surry. 


Meſſrs. Berry and New York, 12 ſets; 
Bayley; Eſq. Partſmouth. | 


| Thomas Blomer, Eſq. Kemerton, Gloveeflerſbire:. 


Joſhua Barton, Eſq. Mark Lane. 


William Bradſhaw, Eſq. Henley, Oxon. 4 


T. M. Barthelemon, Eſq. Vauxhall: 
Baldwin, Eſq. Serjeants lun. 


Thomas Backhouſe, Elq. Have-a-field Lodge, Bucks: 


Richard Budd, M. D. Chatham Place. 
Mrs. Braddyl, Bruton Street. 
John Bulman, Eſq. Cox Lodge, Northumberland. 


William Boſanquet, Eſq. Upper Harley Street: 


Mr. Robert Berridge, Wood Street, 
Rev. Mr. William Baker, Cottingham. 
Mr. Brown, S7. George's Hoſpital, 
Mr. Henry Banks, Lincoln, 

ohn B. 1 8597 Eſq. wks Cat Hs oſpital. 

iſs Bowyer. 0 
Mr. Bryant Biſhop, Mr. Wheeler's, Ludgate Hill, 
Mr. John Bell, Greenwich Royal Ho IE Schcol. + 
Captain Bligh, Royal Navy. | 


Count de Bruhl, Dover Street, 


William Beadle, Dartford. 

Rev. Thomas N A. M. Fulham Berk 
Rev. Mr. Boſtock, Blenheim Houſe. 

Mr. Berge, 1 Cgurt. 

Bras ſbridge, Elq. Niet Street. 
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Mr. Thomas Barkworth. 5 5 
Mr. William Bonner. e OY 

Cooling Burgels, Eton College. * e 

James Strode Butt, Eſq. Dover Place. | 
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Pres Coſleleicala, Neapolitan Ambaſſador, 2 ſes | 
Dowager Lady Cavan, Upper Seymour Street,” 
Lady Cavan, Sackville Street. | 
His Excellency the Marquis del Caring; Spaniſh Ambaf, 
e | 
Mr. Croup, Yarmouth, 4. ſets, 
Joho Crawford, M. D. Lincolns Inn Fields. | 
ev. H. I. Cioſs, Heichum, Suffilk. 
Mr. George W. Cockell, Leeds, Lorkſpire. 
Miſs Call, Old Burlington Street. 5 
Edward Cockſhutt, Gent. Dudley, TOTS 
William Cox, Eſq. Lincolns Inn Fields. 
Rev. Mr. Clowes! Mancheſter. 
Mr. Caſtieau, Academy, Dean Street, Sho, 5 
Cardale, Eſq. Bedford Row: 
A. Corſon, Ef Rotherhithe, hd 
R. S. Cotton, Eſq. Ryegate, Surry. Ee L 
Joſeph Cator, Eſq. Hectenbam, Kent. Pr, 
Captain Cornewall, Chart Park, Kent | 
Mr. Chinnery, Gough Square. e Ft 
New College, Mancheſter: | | 
Mr. Charles Clarke, /Millbank. Rew. . 
Daniel Coxe, Eſq. Ka. Street, Berkely Square: 
Daniel Coxe, jun. Ditto. - 
Charles eee Eſq. ket Street. 
James M. Carey, Academy, Brentford. 
James Coggan, Eſq. Leadenhall Street. 
Mr. Cotton, Old Bethlem. 
Mr. Edward Cowper, Borough. 
Coley, Eſq. Fromebridge. 
Rev. D. Coke, Breookhill, Notts. 
B. C. Collins, Efq. Saliſbury. 
Mr. Coupland, Manchefler. 
Mr. James Cooke, Mancheſter. 
Rev. W. D. Cooper, Ditto. 
Mr. Clarke, Mathematical Academy, _ 
Mr. Coſnitt, Cornbill. 
Mr. William Chapman, Folkftone. 
Mr. John Collet, Academy, Burton, Glouce 2 


Mr. 
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Mr. Coventry, Queen Street, Southwark, 
Francis Cooper, Eſq. Phi/pot Lane. CE 
William Croſs, Eſq. Great George Street, Meſiminffer. 
Mr. Joſeph Croſbie, Ducks-foot. Lane. 

Charles-Town Library, _ | 

Mr. George Chandler, ſurgeon, Bridge Street. 
T. Care, Academy, ra, , 
NO One Trench Chiſwell, Eſq. M. P. Portland 

ce. 
Thomas Caldecott, Eſq. Temple. 
Bryan Crowther, Eſq. Boſwell Court. 
E. C. Tozkes Court. 
Samuel Nuttall Collier, Pentonville. 
Rev. Alexander Cromleholme, M. A. Rector of Shey- 
2 OG 5 „N. N. 18 
Sir George Chad, Bart. 45 | 
—— Cowen, Eſq. Andover, Hants. 
Mr. Carr, Surveyor, Clerkenwell. 
G. Cumberland, Eſq. Bri/h:y/gate, Surry. 
Mrs. Caſamajor, U; per Harley Street. 
L. Charleſſon, jun. Eſq. Crutched Fryars. 
Mr. Francis Childs, New Vork. © 
Columbia College, Do, 
Rev. R. Cranmer, Great Ruſſel Street, Bloomſbury, 
Col. James Capper... 050 
Robert Albion Cox, Eſq. Liitie Britain. 
Robert Clarke, Eſq. Pall Mall. 
Sir George Chaunt, Bart. 
Franſiſco Solanio Conſtancio. 
S. Creſpin, Eſq. Rathbone Place. 
Mr. Cox, New Street. | 1 
Mr. Henry Coxwell, Flzet Street. 1 
James Clemenſon, Eſq. Nicholas Lane. 
33 Clay, Eſq. Old Broad Street. 
ichard Comfield, Eſq. Guilſborough. 
James Currie, M. D. Kettering. 
Mr. Barnard Clarkſon, Foggathorp. + 
Mr. Claggit, Pantheon. TC 
Profeſſor d, Aberdeen. ; 
William Cox, Eſq. Plw Court. LE 
- John Churchman, Eſq. Pennſylvania. 

R Mr. Colfart, Great St. Helens. 
Mr. George Craigdallie, Surgeon, Perth. 
Sir George Cooke, Old Burlington Street, 
Henry Cooke, Eſq. Bedford Square, * 
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Mr. John Corbyn, Holborn. 
William Cleaver, Eſq. Lincoins Inn. 
Rev. William Cholwick, Old/tone. 
Robert Saluſbury Cotton, Eſq. 

Mr. C. Cooke; Paternifter Row. 

Rev. Mr. Chriſtopherſon, Goadby. 
Baron Dimſdale, New Burlington Street. 

Baron N Dimſdale, M. P. Diito. | 
Lady Cottrel Dormer, Houfham, Oxford. : 
Rev. Jacob Duchẽ, Philadelphia. | 
Mr. George Dawſon, Leeds. 
| Downton, Eſq. Lambeth. 

R. W. Dickſon, M. D. Charter Houſe. 
Rev. Mr. Demaimbray, Richmond, Surry. 
Henry Dawkins, Eſq. Portman Square: 
Mr. John Detries, Academy, [!Iford, EfJex. 
Rev. ] Duncan, D. D. South Murmbro. 
Mr. William Darbyſhire, Mancheſter. 
W. R. Duell, Inner Temple. | 
Dawſon, Eiq. Mancheſter Square. 
Rev. Dr. Davies, Provoſt of Eton. | 
George Dominicus. Eſq. Mark Lane. 
Mr. Dany, Royal Engineers. 
Lieut. Colonel Danſey, Taunton. 

Mr. Dupuy, Marchefler. 

Thomas Dickſon, Eſq. Southampton: 
Mr. Philip Davis, Academy, Manchefter. 
Mr. G. Duckworth, Ditto. 

Rev. Mr. Durnford. | 

Mr. J. Dawſon, Sedburg, Yorkſhire. 

Mr. Thomas Doughty, Goadby, Leiceſterſhire. 
Mr. Denſham, Fleet Street. | * 
Mrs. Duffield, Queen Ann Street Eft. 
Mr. William Dalton, Old Broad Street. 

Mr. J. Smith Devy, Surgeon, Mancheſter. 
Rev. Dr. Downes, Wimpole Street. | 
M.iſs Driver, Fetter Lane. 

Mr. Dalrymple, F. R. S. Mary-le-bone High Street. 
— Dalton, Eſq. Lincolns Inn. : 
Mr. John Dobſon, Bow Church Yard. 
Mr. C. C. Dobſon, Ditto. 
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E 
Echardt, Eſq. Ka 7 nd 
Samuel Edwards, tamford, Lincolnſhire 1 Kf 
Miſs Eeles, Cheſterfield Street 700. 491 


Mr. Edwards, Academy, Cheyne Rao 
Rev. Dr. Elliſton, Maſter of. Nate College, in. 


Charles Eaſton, Eſq. Langley, Bucks 
Thomas Evans, Hiichin, Herts © 7811 
Sir Harry Englefield, Bart. | } 155 
Mr. Edwards, Mancheſter | 
Haſtings en, Eſq. NMorfelè Street 1661 "3 


Mrs. Eyles, Frant, Kent 

Mr. Eeles, Richmond 

Sir Frederick Eden, Bart. 

Francis Edinunds, Eſq. Worſbrough, Porkfoing 
Rev. Mr. Edmonſtone, Argyle Street. ; 
—— Eden, Eſq. Red Lion Street 

Mr. Charles Evors 

William Edwards, Eſq. Bruges 
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Diſney Fytche, Eſq. 

Thomas Frankland, Eſq. Cavend, fb © es 
Mr. Faux, Wandſworth Common 

E. Fiſher, Eſq. Briftol 

—— Francis, E'q. Aylſbam, Nerfalk 
Francis Fox, Eſq. Plymouth 
Le Chevaliere Freire 

Edward Fox, Eſq. Wadebridge, Cormuall 
Mr. Finmore, Alderſgate Street 

Luke Foreman, Eſq. Fohn Street, INE Re | 
Savage French, Eſq. 

Savage French, jun. Eſq. 

Mr. Samuel Firmin, Strand 

M. Collin Mac Farqhuar, Edinburgh, 6 ſets 

Mr. Field, Mathematical Inſtrument-maker, Cornhill. 
Mr. A. Filkes, Devizes, Wilts 

James Fallowheld, Eſq. Kentiſh Town 
Mr. Freeland, ' Mancheſter 

Mr. Forbes, Caſtle Court, Holborn 

John Fane, El\q. 

— FE letcher, Eſq. New Bridge Street 
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Mr. Fletcher, Cecil Street, Strand 
Mr. Fletcher, Monmouth 
John Frere, Eſq. Stratford Place 
Thomas Fenwick, Eiq. Dipton 
Mr. John Fell, Surgeon, Ulver/tone 

ohn Ford, M. D. Old Bend Street 

illiam Fendhall, Eſq. Glouceſter 

Rev. Mr. French 5 093 | 
Huſſey Fleet, Eſq. Dartford, Kent 
Mr. John Fox, Surgeon, Dedham, Efſex 
Richard Farmer, D. D. F. R. S. and S. A. 
William Fox, M. D. Glauceſter 
Hon. Mr. Fitzmaurice 
Joſeph Storrs Fry, Briſtol 
T. Fortune, Eſq. Hayes, Middleſex 
— Ford, Ef K Manchefter 
Mr. Benjamin Fuller, Milt Street 
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Earl of Gainſborough, Cavendiſh Square 
Rev. Sir Adam Gordon, Bart. Herts 
Sir William Green, Bart. Mortimer Street 
Sir John Guiſe, Bart. Higbam Court, Gloucefler 
Rev. George Gregory, D. D. Bedford Row 
Rev. Samuel Goodenough, LL. D. F. R. S. Ealing, Mia. 
| dleſex 5 
Rev. — 2 Goodinge, D. D. 
Mr. Green, Academy, Deptford, Rent 
Mr. Gray, Strand ; = 
Rev. Mr. Gwenap, John Street, Tottenham Court Road 

Rev. William Gomm, Dean, near Saliſbury N 
John Goodhew, Eſq. | 
Baron = 3 | | 
— Groſler, Eſq. Auftin F. 
Rev. Samuel Glass, 55. 92 5 
T. Gibbs, Eſq. Auditors Office 
R. Graham, Eſq. | 
John Green, Eſq. Croydon, Surry = 
Mr. Grainger, Surgeon, (Camberwell 
William Grindred, Eſq. Manchefler 
Captain Grindall, Royal Navy, Weymouth 
Rev. Charles Graham, Hertingfordbiry, Herts 
_ * Eſq. Oriel College, Oxen 
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T. Garnett, M. D. Harrowgate 
William Gibbon, Eſq. Crayford 
Mr. Robert Gray, Richmond 
Robert Goſling, Eſq. Lincolns Inn Fields 
James Grierſon, Eſq. Southampton = 
Samuel Greg, Eſq. Mancheſter 
—— Goodwyn, Eſq. Blackheath 
Mr. George Golding, Bridport 
Chriſtopher Gullet, Eſq. Leiceſter square 
John Gearing, jun. Eſq. Weſiminſter 
George Goſling, Efq. Bedford Square 
John Grieve, M. D. Nerfok street | 
Mr. Gibb, Old Fewry Fn 
George Smythe Gibbes, Eſq. Magdalen Cillege, Oxford 
Charles Grove, Eſq. Bath : 
Rev. Alexander Gibſon, Rector of the Academy, Perth 
Anthony Grove, Eſq. Villers street, Strand 
Mr. Gray, Attorney, York 
Mr. Robert Green, Di/s 
Miſs Gomm, St. James Palace 
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Rev. Mr. Hawkins, Halſtead, Efjex 
Richard D. Haynes, Eſq. Barbadves 
M. N. Henriques, Surgeon, //hite Hart Court, Biſhopſgate 
Street . 
Mr. Hill, Prccadilly | 
Thomas Hawes, Eſq. Charter 2 Square 
Thomas Holmes, Eſq. Mansfield Street 
J. Hodſon, M. D. Hatton Street 
Mr. W. Hodſon, Cheap/ide 
James Halls, Eſq. Coleheſter 
Mr. Holiday | 
C. Hurſt, Eſq. 7/7rkfworth, Derbyſhire | 
Thomas Hallet Hodges, Eſq. Hempſtead Place, Kent 
John Hemming, Eſq. Bear Binder Lane | 
_ Miſs Mary Hearle, Limehouſe 
Mr. Higgins, Bread Stree! Hill | 
Charles Hoare, Eſq. Fleet Street | 
Dr. Harvey, King Street, St. Fames's Square 
Rev. Benjamin Hall, B. D. Preb. of Landaff 
Joſeph Holmes, jun. Eſq. Horſbam, Suffex 
Rev. James Hutchins, 3 Suſſex 
Mr. J. Hanbury, Threadneedle Street q 
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Lieut. Col. Harnage, Rathbone Plare 
—— Hulſe, Eſq. Portman Square 


Iff Hilditch, Eſq. Gough Square 


William Hale, Eſq. Herts 
Mr. John Haywood, Helborn 


Mr. Edward Howis, Earl of Derby's, Portman square 
Mr. William Howard, Old Street 
Mr. J. Hartley, Auditors Office _ 
Mr. James Hayes, Earl of Derby's 
| Hood, Eſq. Carron Foe 1 . Be 
Rev. Robert Harris, A. M. Fellow of Sidney College; 
Cambridge FLO 5 5 
Mr. Robert Hindmarſh, Printer, OA Bailey 
Miſs Horne, Bank Side „ 
Mrs. Harcourt, St. Leonard's Warden 
Holt, Eſq. Mancheſter | 
iſs Hardman, Ditto 
Mrs. Hawkes, Ditto 


Dr. Haworth 


"Thomas Hallifax, Efqz- :, 
Dr. Hemming, King ; 0p? Golden Square 3 
Capt. William Tooke Harwood, Mitre Buildings, Temple“ 
Rev. Mr. Herringham, Onger, Eſſex _ 3 | 
Rev. Mr. Hewlett, Great Dunmaw 

C. Harvey, Eſq. Boſwell Court 

Rev. Mr. Hutton; Guy's Hoſea! | 

M. T. Henry, jun. Eſq. Mancheſter 
Mrs. Lydia Harriſon, Mood Street 
Thomas Johnſon Holleck, Leeds _ 

—— Hamilton, M. D. Old Broad Street 

Mrs. Mary Hobſon, Plymouth | 

Mr. Hanbury, King Street Wijt 

Mr. Hodſon, Reading, Berks 

Mr. Hutton, Friday Street 88 

Richard Harford, Eſq. Frederick Place 

Mr. Hall, Spital Fields rb 

Richard Hulſe, Eſq. Black Heath _ 

Mr. De las Heras, Spaniſh Conſul General 

E. Hanmer, Eſq. Lincolns Inn | 

T. Hatfield, Eſq. Manchefter 

Rey. John Heathcote, Northal, os 
John Henry Hailes, Efq. | | 4 
Capt. Howell, Royal Artillery, Bengal 
Mr. Harrold, Surgeon, Nayland, Suffolk | 
John Hill Tertius, Eſq. Wells, Norfolk j 
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Sir John Hort, Bart. Arlington Street 

Sir Charles Hudſon, Bart. Arundel Street. 

Mr. Haſkins, Honiton | 

Mr. C. Hodſon, Burton upon Trent 

> Hoyle, Eſq. Mancheſter 
Mr. Hadley, Bookſeller, Lynn 

Major General Hervey, Haymarket 

Rev. W. Hildyard, Barton, Lincolnſhire 

Mr. Heapy, Aldermanbury 4, 

David Hoſack, M. D. Pall Mall! 

Mr. John Hunter, Surgeon, Dean Street, Soho 

Mr. B. Harman, Vood Street 

P. D. Herve, Eſq. Queen Street, Bloomſbury 

Mr. Hurter, Marlborough Street 

G. Holton, Eſq. Helborn | 

Mr. John Hodgkin, private Teacher of Latin, Geography, 
&c. St. Martm's Lane 

Dr. Edward Harwood, jun. Mancheſter p 

Horner, Eſq. Liverpool | 

John Harman, Eſq. Frederick's Place 

rs M. Hanſon, Eſq. Hackney 

Bryan Higgins, M. D. Greek Street, Soho | 
Mr. Edward Hughes, Fleet Street 

Mr. b eg Hill, at Dr. Spence's, Mary-le-bone High 

Ircet : 

—— Hills, Eſq. Suffolk Street 

Mr. Hands, Birmingham 

Mr. Stephen Hall, Fenchurch Street 

Mr. Thomas Howden, Guy's H»ſpitat 

Rev. Mr. Hodſon, Croydon 

Mr. John Hall, New Ferſey, America 

T. Hope, Eſq. Fermyn Street 

Mr. Hunt, Otley | 

Mr. Anthony Hunt, Briſtol 

Captain Huddart, Highbury Terrace 

Mr. Hanbury, K:lmarſh | . 
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Rt. Hon. Earl of Icheſter, New Burlington Street, 2 ſets 

Rev. Mr. Jones, Birmingham | 

Mr. Jackſon, Surgeon, Knightſbridge 

Rev. Mr. Jewell, 4z1/ham, Norfolk 

Rev. Dr. Jones, Shi/ling ford | 

Rey, William Jones, A. M. F. R. S. Nayland, Suffolk 
| Robert 
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Robert Jackſon, Eſq. Jamaica 
Mr. Joſeph James, Academy, Stoke Biſbap, Briſtol 
Rev. Rowland Ingram, A. M. Fellow of Sidney College, 
Cambridge | 
Colonel Ironſides, Upper Brook Street 
. Janſon, Croydon | 

Mr. Ibbetſon, Ludgate Hill 
Rev. W. B. Jones, Clare, Suffolk 
Mr.. Johnſon, Burleigh Field 
Mr. Jones, Academy, Stoke Biſhop ET 
Thomas Johnſtone, Eſq. Falmouth, Famaica 
Rev. Peter Jullian, A. M. Feſus College, Oxon 
Mr. B. Jacob, Queen Street, Seven Dzals 
2 8005 Jebb, Eſq. N „ 

r. John Jardine, 2 ſets 

oſeph Johnſon, Eſq. Chelſea | 

homas Jackſon, Eſq. Paternaſter Row 
Henry de Jerſey, Eſq. Guernſey 5 
T. James, D. D. Head Maſter of Rugby School 
Richard Johnſon, Eſq. Great Portland Street 
William Jones, mY heyne Row, Chelſea 
George Jennings, Eſq. Ee Street 
we Jacbb j. at 1 Fitzwilliam's PT | 

r. Jacob Jones, Surgeon, Finſbury Square 
Dr. Ingenhouze, F. K. S. 27 6, | | 
Mr. Jones, Mathematical Inſtrument-maker, Holb:rk 
—— Jenkins, Eſq. New Inn 1 
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Lord King, Great George Street, Weftminſter 
Mr. Kanmacher, Camberwell, 3 ſets 
Lieut. Kelſall, Queen's own Light Dragoons 
Samuel Kenyon, Eſq. Lambs Conduit Street 
William Kilburn, Eſq. Wallington, Surry 7 
Rev. —_— Kettilby, D. D. Prof. Geom. Greſham 

5 ollege | | 

ames Ke Eſq. Dafters Commons + 

r. Key, Surgeon, Borough, 2 ſets 
Thomas King. Eſq. Reading, Berks 
Rev. W. E. Keyt Ly 
William King, Eſq. Belvoir Caſtle, Lincolnſhire 
Rev. R. Kedington, Raugham Hall, Suffolk 
Henry Peter Kuhff, Eſq. St. Helens, 2 copies 

| CY Thomas 
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Thomas Keith, Teacher of the Mathematics, Aae 
Court, Swallow Street 
Charles Kite, Eſq. Graveſend * 
George I homas King, Eſq. Eaftcheap 
Mr. George Kerr, * Aberdeen 
Rev. Mr. Keyte 
Mr. Charles Kite, Diſs 
Mr. Kemble, Qptician, Dean Street | 


Mr. Kelſall, a Wells 
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Sir Egerton Lei b, Bart. Weymouth Street 
Lady Lindſay, | Hall, Berks 
Miſs Lindſay, Ditto 
Rev. Mr. Lancaſter, Academy, Wimbledon 
Mr. Landman, Prof. Fortification, Military Academy, 
Woolwich © 
T. Lewis, Eſq. Gower Street 
Mr. Lodge, Cold Bath Fields 
Mr. Lingburſt, Goodman's Fields 
Rev. John Lyon, Dover 
Mr. Walter Lord, Academy, Tooting 
P. Digges Latouche, Eſq. 
James Digges Latouche, Eſq. 
George Lee, Eſq. Mancheſter. 
Mr. Zachary Langton, Cheapfide 
Rey. Peter Lathbury, Moodbridge, Suffolk 
Eds. Laſcelles, Eſq. M. P. Vimpole Street 
Mr. Lackington, Chiſwell Street, 24 ſets 
C. St. Leu, jun, Eig. . 
Captain Lawinan | 
Mr. Robert Lewin, New College, Hackney 
Mr. Latham, Surgeon, Dartford 
Edmund Shallett Lomax, Eſq. Netley Place, Surry 
Mr. Leftie, Watling Street 
Long, Eſq. Lincolns Inn 
Ebenezer Leadbeater, Southwark 
John Limbrey, Eſq. Hodingion, Hants 
De Lanſegue, Teacher of Coography, Queen Ann St, 
Ha 
| John Latham, M. D. Eſſex Street, Strand 
+: homas Lloyd, Eſq: DN Roꝛu 


Mr. 
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Mr. Samuel Lowe, Academy, Mancheſter 
Mr. Luſignan, Sammer's Town | 

Mr. Lloyd, Manchefler 

Dr. Lorimer, Charlotte street, Portland Place 
Mr. Lewis, Brecknockſhire 

Thomas Lloyd, Eſq. Bedfordſhire | 
Rev. Francis Leiceſter, A. B. Spa Fields 
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Rt. Hon. Earl Mansfield, Portland Place 
Rt. Hon. J. S. Mackenzie, Hil} Street, Berkley Square, 
2 copies ; | 
Le Chevaliere Mollinedo, Spain, 6 copies | 
Thomas Marſham, Eſq. Berkley Street | 
Miſs Marſham, Ds | 
Rev. Thomas Martyn, F. R. S. Prof. Bot. Cambridge 
Rev. M. Moody, Xing ton 
Maintſon, Eſq. Eſſex Street 
Chriſtopher Mayhew, Eſq. Ramſgate 
George Maſon, Eſq. bs | 
Henry Morland, Eſq. Northumberland Street, 2 copies 
Dr. Muller as; | 
Mr. Mitford, Surgeon, Minories 
Henry Euſtace Mac Cullock, Eſq, Oakley Houſe, Berks 
Mr. Maud, Alderſgate Street 9 
Mr. Murray, Fleet Street, 6 copies 
Edgeworth Moore, Eſq. Auditors Office 
Sir Horace Mann, Bart. 
Mr. William Milns, City Commercial School, George 
Yard, Lombard Street” 

Richard Morris, Eſq. Guy's Hoſpital 
Monsr. Piere Moſcati, M. D. 4 Milan 
Mr. Joſeph Maurice, 1 
R. Edward Mercier, Dublin, 6 ſets 
Charles Monro, Eſq. Finchley 5 
Mr. Milne, Surveyor, St. Martin's Lane 

. Moſs, Surgeon, Red Lion Street, Holbern 

r. Melton, „ 

Lewis Majendie, Eſq. Hedingham Caflle 
Maſter John Millington, Golden Square 
Mather, M. D. Bedfordſhire 
Mr. May, Maidſtone f 


Mr. Thomas Mills, Briftal | 7 
5 C 4 Samucl 
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Samuel Moody, Eſq. Queen Square, Bloom 
Angel * King's A 2. ard 225 
Mr. Harry Moxey, WHhite Croſs Street 
Meycr, M. D. Throgmorton Street 
Rev. Thomas Methold . 
James Meyrick, Eſq. Albemarle Street 
John Merrick, Eſq. ST. Martin's Lane 
* Eſq. Davies Street, Eroſvenor Square 
P. Manton, Eq. Mount Street, ditto | 
Mr. Richard Morris, Amerſham, Bucks 
T. K. Mallet, Eſq. Brianſtane Street 
Mr. Alexander M*Leay, Stockwell 
Admiral Murray 
James Martin, Eſq. Yalcot Place 
r. Miles, Oldham | 
Mr. John Monier 
—— Morgan, Hſq. Mancheſter 
- Murray, Eſq. Murray Hall, Perth 
James Milnes, Eſq. Piccadilly | 
Francis Moore, Efq. | 


Mr. Moore, Mancheſter 


N 


Sir John Nelthorpe, Bart. Sackville Street 
Mr. Nottcut, Ipſwich 
A. J. Nunes, Eſq. Hackney | 
| Nicholſon, Eſq. Red Lion Square 
Francis Noble, Eſq. Ely, Cambridgeſhire 
Mr. Deputy Nichols, Red Lion Paſſage 
William Nicholls, Eſq. Cheſter 
Mr. James Newland, Auditors Office 
George Naſſau, Eſq. Clifford Stregt 
ames North, Eſq. 
r. Nichols, Mancheſter 
Mr. Naſmith | 
Mrs. North, Bridge Street 
Rev. Robert Nixon, B. D. Foots Cray 
Maſter Nicholſon, Ardwick Green, Mancheſter 
Rev. Mr. Naylor, Hammerſmith | 
Mr. P. Nicholſon, Drawing Maſter, Berwick Street 
Mr. Robert Newman, Lane Fane 
Newark Society Library, New York 


Thomas 
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Thomas RAY Eſq. Upper Gower street 
Mr. J. R. Needham, 3 Street 
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Rt. Hon. Counteſs Upper Offory, Groſvenor Place 

J. Oſmand, Eſq. Bank 

—— Ogilvie, Eſq. Sactviile Street 

Thomas Orde, Eſq. Sudbury Green 

Mr. Oxlee, London Street 

Rev. Dr. Ord, Fames Street, Bedford i 

Mr. John e Oldford 

Mr. Oriani, Aſtronome de Pobſervatoire Royale de Brera, 
A Milan 

Mr. Jno. M*Omie, Rector of the Academy, Inverneſs 
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Rt. Hon. Earl Plymouth, Bruton Street 
Lord Henry Petty, Berkeley Square 
Rt. Hon. Thomas PO Stratton street 
Samuel Prime, Eſq. Upper Brook Street 
George Polhill, Eſq Choiead Place 
Mr. Plumptre, Eratvi l, Kent 
Mr. Thomas Peacock, Saliſbury Court 
— Phillips, Eſq. 
—— Payne, Eſq. Vauxhall 
Philoſophical Society, Spalding, Lincolnſhire 
Mr. R. Painter, jun. Cambridge 
Sir Iſaac Pocock, Bart. Reading 
Thomas Parkes, Eſq. Oriel College, ane. 
Charles Pilgrim, Eſq. Hampſtead 
Rev. John Parkhurſt, M. A. 
John Philpot, Eſq. Red Lion Sguare 
Rev. Lawrence Panting, A. B. St. John's College, Cam- 
bridge 
e A Eſq. Stockwell 
Rev. Mr. Preſton, Seven Oaks © 
Miſs Porter, by Mr. D. Adams 
Mr. Joſeph Prieſtley, Bradford 
Gen. Charles Coteiworth Pinckney, Charles Ts, South 


Carolina 


Rev. Mr, Phillips, Pal, 1 Suffolk 


Thomas 


xlii 7 L1isT OF SUBSCRIBERS. 


Thomas Pitt, Eſq. }mpele street 
Mr. Thomas Preſton, Strand _ : 
Mr. le Profeſſor Pictet, Geneva. 
William Perk, Eſq. Pimlico 
Philoſophical Society. Folkflone 
1 Parkinſon, Eſq. Albion street 
T. Percival, M. D. Mancheſter 
—— Parker, Eſq. Ditto 
Mr. R. Potter, Ditto 
Mr. T. Prieſtley, D:t2 | 
Henry Pelham, Eſq. Landſdetun Lodge 
Rev. Henry Pafley, A. M. T. C. D. 7 
Rev. Job Prince, Salem, Mufſachuſetts States, 12 copies 
John Giles Potter, Eſq. Greenwich FLEET 
Mr. Prado, St, Fames's Street 
Mr. Charles Pat rfon, Academy, Mancheſter 
Samuel Pollock, Ditto | 15 
Mr, Peacock, Surreyor, Finſbury square 
Mr. Patterſon, King's Arms Yard 
Rev. John Pope, Mancheſter 
Mr. Pennington, Malevoruh 
Philip Perry, Eſq. Blackwalt 
ohn Perry, jun. Eſq. Ditio | 
J. Prichard, Eſq. De&trs Commons 
| Michael Paas, Eſq. S:. Catherine's Lime Wharf 
Y Mr. James Pnillips, George Yard 
* Mr. Thomas Porſon, North Walſham 
5 Thomas Phipps, jun. Eſq. Hoxton 
Miſs Pryor, Tottenham 
Mr. George Pattinſon, Biſpbapſgale strect 
Mr. J. Power, City Chambers | 
—— Penny, Eſq. Linceins Inn 
| Chriſtopher Pegge, M. D. Ch. Ch. Oxford 
Nachan'e! Phillips, Eſq. Nzttingham 
F Mr. W. Petree, Hertford Street, May Fair 
Mr, Peete, Sirgeon, Lewiſham 
—— Powell, M. D. Bartlet's Buildings 
Peter Rrattington, Eſq. Ch. Ch. Oxford 
Mr. Patrick, Orange Street 
_ E'lifs S. Peſtel, Eſq. A/bby de lu Zouch 
Rev. Mr, Adam Peebles, Perth 
Mc. "Thomſon Pater, Surgeon, Alderſgate Street 
James Allan Parke, E'q. Carey Street | 
Rev. J. Preſton, Hirtham, Suff5.k _ | 
| T. 
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Mr. St. Quintin, Reading 
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Abraham Rhodes, Eſq. Clerkenwell 
Mr. Roy, Old Burlington Street | 
—— Robinſon, Eſq. Conduit Street 
Mr. Robinſon, Budge Row 
William Robſon, Eiq. Frognal, angel 
Hen Read, Eſq. Yaitham/iaw 
ory Read, , Elq. Ola Jewry 
oberts, Strand 
— John Ryland, Northampton 
| Rouſe, Efq. Harborough 
Joſeph Reynolds, Eſq. Ketley 
Mr. R. Roe, Exeter | 
ohn Reader, Eſq. Canterbury 
. Robinſon, M. D. Honiton 
Mr. Alexander Rae, Tunbridge Wells 
Rev. Thomas Rudge, Glouceſter 
N. Roe, Eſq. Norwich 
Mr. Robert Rocheſter, Ditto 
Mr. Andrew Ruckenberg, Tower Street | , 
Mr. S. Robinſon, Manche her 5 e 
Mr. Roe, Alion 
George Roſs, Eſq. Bal, Iarrock 
Mr. Rehe, Shoe NE 2 copies 
W. Rider, Eſq. Drury Lane 
Mrs. Rickman, Lewes 
Ambrozio Joaquim des Reys 
R. Rogers, Eſq. Oriel College, Chem 
Mr. Rivington, Bookſeller, New York, 12 copies 
—— Reynolds, Eſq. Bedford Row 
Mr. R. Rocheſter, Norwich, 3 copies 
Rev. P. Raſhleigh, South Fleet 
2 Robertſon, Elq. Tobago 
ev. Mr. Renovard, ee, Street 
ohn Revett, Eſq, Brandeſton Hall 
r. Robert Runcorn, Mancheſter 
Cap t. Franco. Anto. Rapozo, au ſervice de S. M. Tres 
Fiqelle, a Liſbenne 
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Capt. Peter Raener, Royal Navy 
Alfred William Roberts, Eſq. de Rouen 
Mr. H. Race, Manche/ter | | 
Gilbert Rolſton, Eſq. Froome 5 
Rev. Mr. Randolph, /Pimbledon 
bi Mr. W. Redley, [//ington 
Richard Reece, Eiq. Guernſey 
| Thomas Rith, Eſq. Ditto | 
j Claude Ruſſel, Eſq. Upper Mimpole Street 
[ | Rev. J. M. Ray, Sudbury 
} Mr. William Riches, St. Peterſburgh 
Mr. Robert Raban [ 
Mr. O. Reilly 
Mr. Roſs, Great Portland street 
Reading Society, Clapham 


8 
George Smith, Efq. Bloomſbury Square 
Rev. J. Smyth, B. D. Liverpool I” 
J. Sayer, Eſq. Fleet Street 
William Stevens, Eſq. Broad Street 
Mr. Thomas Stokes, Goldſmith Street 
Henry Swann, Eſq. Argyte Street, 2 copies 
Mr. Simmonds, Mancheſter | 
Richard Shepherd, Eſq. ' | 
Lieut. Col. Steheling, Mooltuicſ 
Rev. John Shepperd, A. M. Paddington 
| Mr. Sheperd, Clapton | 
| G. T. Staunton, Eſq. Berner's Street 
| | Thomas Stowden, Guy's Hiſpital 
Thomas Slack, Eſq. Breywicke 
Mr. Stanger, Cheapſide 
Meſſrs. Scaife & (Wille, Fleet Street 
Mr. Strahan, Bookſeller, 6 copies 
- Robert Snowe, Eſq. Saville Row - 
Mr. James Smart, Temple Bar | 
| Mr. Splitgerber, Trinity Lane 
| | Capt. Alexander Scott, Springhill 
| | —— Slarker, Eſq. Garden Court, Temple 
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k 0 John Stanbank, Efq. Lambeth Terrace 

; Mr. John Steele, p Office 

0 35 Mr. John Summer, Brompton Road 

| : Capt. Smith, Bentinck Street 

| Mr. Scott, Poultry 

2 7 Mr. 
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Rev. Mr. Steadman, Academy, HYandſworth 
Rev. Mr. Sabornadiere, Sloane Srreet 

John James Sullivan, jun. Mile End 
Capt. Lewis Saurin, Dublin 

Mr. David Stephenſon, Newcaſtle upon Tyne 
Thomas Symonds, Eſq. Inner Temple 
Toke Shepherd, Eſq. Camſſey | 
Mr. John Swift, Fenchurch Street 


William Steetz, = Hambro 


Mr. R. Smalley, Mancheſter 

E. Sutton, Academy, Ditto 

Mr. Samuel Shaw, Ditto : 
Baker John Sellon, Eſq. Searle Street 

Col. Sibthorpe, Canwick, Lincolnſhire 


Mr. William Sheppard, Moclverbampton 


Mr. William Spencer, Leicęſterſbire 
Mr. John Stock, Academy, Poplar 
Squire, M. D. Naſſau Street 
Mr. Henry Stokes, Friday Street 
Mr. William Smart, London 


Sael College, Connecticut 


Richard Stert, Eſq. Clifford Street. | 
Ely Stott, Eſq. 


_ 
Robert Stickney, Eſq. Ryhill, Yorkſhire 
Mr. William Stone, Rutland Place 


Thomas Sanderſon, Eſq. Sunderland 
Mr. John Scholdfield, Od Street 
Dr. Sumner, Bath „ 
Mr. J. P. Stroud, Mr. Wheeler's, Ludgate Hill 
Mrs. Stroud, Great Smith Street, Meſtmiuſter 
Col. Sydenham | 
Bryan Scotney, Eſq. Gower Street 
Mr. Joſeph Slark, Temple 
ohn Simms, M. D. New Bridge Street 
r. C. Sael, Nerocaſtle Street, Strand, 4 copies 


yo nyo, A. M. Academy, Worceſter 


r. J. S. Schmeiſſer, Princes Street, Soho 
William Spence, M. D. Mary. le- bone, «High airees 
Robert Storey, Eſq. Bedford square | 
W. W. Salmon, Eſq. Devizes 
F. Sanden, M. D. Chichefler 
—— Smith, Eſq. G:wer street 
Mr. Serle, Mancheſter | 
Rey. John Sharpe, Claphum 
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Sir H. Tempeſt, Bart. Hope End, Herefordſhire 
Lieut. Gen. Taylor 
Mr. Jno. Oſwald Trotter, Nod street 
John Townſhend, Eſq. Chelſea 
Walter Taylor, Eſq. Port/woed, Hants, 3 copies 
Thomas William Thurſtone, Aberdeen 
Mr. Taylor, Tower Hill 
Rev. John Thomas, Upland, Wales 
Mr. Thomas Tait, Qucenbitbe | 
William Taylor, Eſq. Maiſe Hill, Greenwich 
Charles Taylor, Eſq. Bengal 
C. B. Trye, Surgeon, ae 
Rev. F. Tomkins, Shaw, Berks 
Mr. G. Tomlinſon, Surgeon, Mancheſter 
Mr. G. Touchet, Ditto 
Mr. James Touchet, Ditto = 
Rev. Mr. Thorpe, e Mithin 
Richard Twining, jun. Eſq. Straud | 
Feed, Eſq. pang; --of Ciurt, Strand 
John Frewen Turner, Eſq. 
Mr. Richard Tawney, Oxford - | 
John Hearle Tremayne, Eſq. Heligan, Cirnwall 
Rev. Mr. Townſhend, n de. 
Daniel Tyerman, Eſq. Eaftcheap 
John Trotter, Eſq. 955 Square 
Rev. William Thorold 
Mrs. Tighe, Mancheſter square 
Capt. Fhomſon, at Earl Moira's 
Mr. Tothil, Staines 
Mrs. Thornton, Blackman street 3 
Rev. Joſhua 'Toulmin, for a Reading Society, Taunton 
Mr. Robert Tangate, Bride Lane „ 
John Toke, Surgeon, King's Bench Walk, Temple 
Mr. John Turner, Ce; 2 copies 
Weſtrenen de Themaat, Utrecht x 
Mr. David Thomas, King street, Covent Garden 
-——- Tuache D. D. Rouen 
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Mr. William Vincent, Newberry, Berks 
Rev. Mr. Velpy,. Reading | 

T. F. Vandercorn, Eſq. Buſh Lane 
Caſper Voght, from Hambre © 
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Monſ. de la Viette, Officier Francois 
George Vanſittart, Eſq. M. P. 
Mr. William Underhill, Septen, Staffirdhire 


A. Walker, Eſq. 

Samuel Whitbread, Eſq. Plato 1 

Mr. Wood. Poultry 

Mr. J. Wild, Wood street 

Rev. John Watt, King /ton 

W. Walker, Efq. George Street, Hanmer square 

Rev. Mr. Wincheſter, J/;c>worth, Bedfordſhire 
Wood, Eſq. Putney Grove 

Mr. Henry Wilkinſon, Schoolmaltes, an 

Mr. Henry Wright, YYalbrook 

Willem Warſon, Eſq. Nine Elms 


Mr. "Whitfield, New Chapel. Cit Road 
Rev. Richard Warner, Lymington 

Mr. Wilſon, Bridge Street, Weſtminſter 

Rev. Mr. Williams, M. A. Blackheath, 3 ſets 
Mr. Wigſell 

G. Ware, Eſq. S.. John. s College, Cambridge 
Rev. Edward Willoh, D. D. Ajhhurjt, Suſſex 
John Wilmot, Eſq. Bedford Row 

Mr. Walker, Bermondſey 

Mr. John White, Surgeon, Paiſley 

T. H. Warren, Eſq. $2h9 


Mr. James Waring, Earl of Derby's, Gra 6 bg * square 
r 


George Ward, Eſq. Bradfield * Be 
Mr. Edward Ward, Derby 

J. R. Weidham, Eq. Temple 

Mr. Wheeler, Surgeon, Ludgate Hill 
Mr. Thomas Weſtcombe, Bridhort 
Ambroſe Weſton, Eſq. Fenchurch street 
Mr: G. Watt, Surgeon, Aberdeen 
Fowler Walker, Eſq. Lincoln's Inn 

R. Wiſſett, Eſq. East India Houſe 
Raby Williams, Eſq. by the Rev. Mr. Jones 
William Wyatt, Eſq. by ditto 

Capt. Walden, Copenhagen 

Mr. Walker, Accountant General 

Mr. R. Wilſon, Attorney, Yorkſhire 
Kev. Charles White, Cherifey 
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Mr. Joſeph Wood, JYh:itehaven 
Mr. Ware, Surgeon, New Bridge street 
Mr. Mark Wade, Rendham | 
Mr. John Woolnough, Boyton 
Mrs. Watſon, Brighthelm/lone 
Mr. Waine, Surgeon, Weymouth 
Mr. Wheeler, Yokingham 
William Weſton, Eſq. Oxford | 
[ Rev. Mr. C. Webber, Box Grove, Sufſex 
ö 8 ; | 
| Rev. James Wier, Rector of the Inverneſs Academy 
4 Worceſter Library | 7 
l Dr. John White, Pai/tey FM 
[| Jeffery Wyatt, Eſq. Je Ann street Eaſt 
Capt. James Hawkes Whitſhed, Royal Navy 
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- Mr. James Wood, Kent Road ' 
Rev. Mr. Webber q 1 
William Wood, Eſq. Barbers' Hall * 


Mr. William Welt, Bride Lane 

John Wolfe, Eſq. Woodhball 

W. N. Wickham, Surgeon, HFinchefler 

John Wilſon, Eſq. Chapel street 

Mr. J. Wilbie 

Mr. C. Wilkinſon, Surgeon, Golden square 

Mr. Whitwick, Sandgates 

Mr. James Watts, Milt street 

R. Walker, Efq. Jamaica | 

Thomas Whiting, Teacher of Mathematics, Lambeth 

Mr. Richard Whitfield, &. Thomas's Hoſpital 

Mr. John Watt, Borough | 

Mr. Charles Wells, M. D. 

Mr. Wyatt, New Inn 

Robert Willoughby, Eſq. Wiek, Briſtol 

Mr. Woodcock, Tottenham Court Road | 
Mr. Wingrave, Red Lion Court, 6 copies | | 

Rev. Mr. Woodrooffe, Shoreham | 

Rev. Henry Whitfeld, D. D. 


. 
Mr. David Yates, Mancheſter 
Mr. Young, Palernaſter Row 
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LECTURES, 


NATURAL PHILOSOPHY, 


N 9 5 
NATURE AND PROPERTIES OF 
(LECTURE &. 


TH E earneſtneſs of your wiſhes, to know the 
nature and uſe of the various articles now 
lying upon the table before you, and which 
have been purchaſed for your amuſement and in- 
ſtruction, gives me great pleaſure, not only as it 
inſures me your attention, but as it affords me an 
opportunity of ſaying a word or two on a ſubject in 
which you are highly intereſted. It is, to encou- 
rage you to be often aſking queſtions, and in- 
quiring into the uſe of the things that are 
| continually preſenting themſelves for obſervation. 
If you ſuffered no ſubject, whether of buſineſs or 
amuſement, to paſs by without inquiring into the 
uſe or advantage it would be of, either to yourſelves 
or companions, you would acquire a habit of at- 
tention, you would awaken curioſity, and excite a 
ſpirit of inquiry; but above all you would ſtreng- 
then your underſtanding, and learn rightly to eſti- 
mate the worth and value of things. 
Vor. I. „„ > You 


* 


Lectures on NATURAL PHILOSO PHY. 


Lou may lay it down as a maxim, that as the 
eſſence of folly conſiſts in an entire want of judg- 
ment, in an ignorance of the true value of things, 
ſo the eſſence of wiſdom and knowledge muſt con- 
fiſt in the excellency of your judgment, or in the 


juſtneſs of your knowledge of the worth and value 


of things. He who knows moſt of the value of the 
beſt things, and who forms the beſt judgment of 
the things which are of the moſt concern to him, 

has the higheſt wiſdom, and will be the happieſt 
man. By habituating yourſelves toa practice con- 


formable to this maxim, you will be prevented 


from taking any delight in thoſe things which de- 
baſe the mind, and are contrary to reaſon. You 
will not ſeek happineſs where it is not to be found, 
becauſe you will know that it is a treaſure hidden 
within you, and that you may always enjoy by a 
proper regulation of your tempers and conduct. 
The eagerneſs with which you deſire to know 
the uſe of this apparatus will be conſiderably height- 
ened, when I acquaint you with the purpoſes for 
which it is deſigned. It is intended to introduce 


you to natural philoſophy, to enrich your minds 


with the knowledge acquired by the labours of the 


great and wiſe men who lived before you, to make 


you acquainted with the ſcenery of nature, the 
ways and means made uſe of by the great author 
and ſupporter of your being and mine, in pro- 


ducing thoſe wonderful appearances you fee in the 
air, the changes you obſerve in the ſeaſons, the 


nature of the air you breathe, and the fire which 
animates your frame. But this apparatus is not 
confined merely to an explanation of the operations 
of God in nature; it will inſtruct you alſo in the 
wiſdom he has communicated to man, and ſhew 
you the nature of thoſe engines which they have 
contrived, the action of that uſeful inſtrument the 
common pump will ve Ts and 2 

earn 
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learn to know when they are well or ill conſtructed. 


| You will comprehend the properties and principles 


of the ſteam engine, whoſe operations have ſo often 
excited your admiration; it will be too tedious to 
enumerate all the advantages you may acquire from 
this apparatus. Let me aſſure you that explaining 
them to your companions, and performing the 
operations yourſelves, will not be one of the leaſt, 


for by thus exerting the faculties of body and mind, 


both will be ſtrengthened and improved. 

From natural philoſophy you will learn that the 
creation is but-an image or picture of the divine 
perfection, and therefore bears a character of his 
infinity and immenſity: that this ſmall part of it 
which we inhabit, is but a point in compariſon of 
the ſolar ſyſtem: that the folar ſyſtem is but a 
point in compariſon of the vaſt regions of the fixed 
ſtars: that theſe ſuperior regions themſelves are 
but a point in compariſon of the innumerable 
worlds that lie perhaps hid in the boſom of im- 


_— that in this point which we inhabit, we 
Know only ſome ſuperficial qualities and properties 


of nature: hat, as SIR Isaac NEwTON ſaid, all the 
diſcoveries mortals can make, are like thoſe of a 
child upon the borders of the ſea, who Fas only 
broken ſome pebbles, and opened ſome ſhells, to 
fee what is in them, While there hes beyond him a 
boundleſs ocean, of which he has no ideas: that 
we can never be true philoſophers till we ſee the 
AUTHOR of nature face to face; compare the pig= 
tures with their original; and know, by direct in- 
tuition, their mutual relation and reſemblances. 
Lord Bacon terms natural philoſophy, the great 


mother of the ſciences,* for neither the arts of 


ſpeech, logic, medicine, civil policy, morality, 
religion, &c. can be advantageoully exerciſed, im- 

| Bs , ; proved, 
* Shaw's Bacon, vol, 2, page 376. : 
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proved, underſtood, or inſtituted without it, and alk 
the mechanical ſciences depend upon it. 

As you are now going to engage in the ftudy of 
one of the branches of natural philoſophy, a ſhort 


hiſtory of the origin of the word itſelf cannot but 


prove acceptable. When PyrTaacoRas, of whom: 
you have already heard much,. had completed. the 
great tour of ſcience, and ſtored his mind with alk 
the hidden treaſures of oriental knowledge, he pre- 
ſented himſelf for the firſt time to the admiring 

eyes of Greece, aſſembled at the olympic games. 
« A ſpectacle no doubt it was for univerſal ad- 
miration and reſpect; an underſtanding ſo enriched, 
and full in meridian vigour, was an object that his 
cotemporaries might look at with veneration little 
ſhort of idolatry. Pythagoras in this attitude, ſur- 
rounded by the Grecian ſages on the field of the 
olympic games, whilſt every eye was fixed with 
rapture and delight upon one of the moſt perfect 
forms in nature, began to pour forth the wiſdom 
of his doctrine; aſtoniſhment ſeized the hearers; 
and almoſt doubting if it had been a mortal that 
had been diſcourſing, they with one voice demanded 
by what title he would be addreſſed. Pythagoras 
anſwered, that their ſeven ſages had taken the name 
of wiſe men, for his part he left them in poſſeſſion 
of a diſtinction they ſo well merited, he wiſhed to 
be no otherwiſe remembered or deſcribed than as a 
Lover or WIS DOM“ his pretenſions did not go to 
| the 


* As the werd philoſophy has been of late much abuſed by 
infidels, politicians, and divines, it may not be improper to give 
another definition of the word, to guard and protect it, and to 
ſerve as a teſt by which to try the principles of thefe different 
writers. * Philoſophy is the inveſtigation of truth of every 
Kind from thoſe e oj which are peculiar and proper to itſelf, and 
from no other: which principles are not to be takeri up at a ven- 
ture, or framed upon Hale but to be ſought and found by 
much experience and obſer vation in the nature and conſtitution 


of things themſelves,” 
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the poſſeſſion of it, and if they would call him a 
PHILOSOPHER, he would be contented with the ap- 
pellation. From this time the name of a philoſopher 
became a title among the learned.“ 
Not to detain you longer from an examination 
of the articles before you, I ſhall firſt give you a 
general deſcription of ſome of them, and tell you 
their ſeveral names; this will render the explanation 
of their reſpective uſes eaſier and more ſimple, and 
will enable you to make experiments with them, 
and explain their effects with greater facility. 
Theinſtrument before you is calledanazir-pump.F 
It is one of the moſt uſeful of all thoſe philoſophical 


inſtruments whoſe action depends on the air. It 
cConſiſts of a pump or ſyringe, annexed by means of 
other pieces to aglaſs veſſel, and is ſo contrived that 


by moving a rod up and down, the air contained 
in the receiver may be extracted. It is formed of 
five principal parts: 1. The barrel. 2. The piſton 
moveable in the barrel. 3. Two valves or open- 
ings ſo contrived as to prevent the air returning 
back again. 4. The plate of the pump on which 
the veſſels are to be placed, that the air may be ex- 
tracted from them, 5. A guage or apparatus for 
meaſuring the degree of exhauſtion. 6. A ſcrew 
for occaſionally admitting the air when required. 
I )uhe neceſſary requiſites of a good air-pump are, 
1. That it exhauſt or rarify the air as much as poſ- 
ſible. 2. That this be effected in the leaſt poſtible 
time. 3. That there be a guage affixed to the pump, 
to aſcertain with accuracy the degree of rarifaction. 
Before I explain the conſtruction of the pump, 
1 ſhall _ before you a few models of valves, 
(fig. 4, 5,6, 7,8, pl. I.) on different conſtructions, 
that you may have a clearer notion of their nature 
and uſe. By à valve is ans underſtood ſome 
= B 3 ſubſtance, 


#® Obſeryer, No, 10. + See fig. 1, 2, 3 pl. 1. 
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Gabfance, foplaced overa hole, as to permit, a fluid 5 
to paſs through one way, but not the other WAY, or 
back again. 
A flop-cockisa ſpecics of valve, for by turning 
it one way, it lets a fluid paſs through a pipe, &c. 
but by turning it about one quarter round it ſnuts 
up the paſſage. When the hole in the moveable _ 
piece or cock coincides with the bore of the pipe, 
there is a free paſſage for the fluids communicating ' 
a 2 but When. the cock is tuznes che en 


is ſtop 

lde glaſs veſicle to be placed on the pump are 
a receivers, ſome of them are open at top, the 
hen are cloſed. 

To gain a i idea of the ation af; the air 
n it will be neceſſary to take it in pieces. You 
may now ſee that the barrel is made very cylindrical 
and ſmooth; the piſton, which moves ypand down, 
is made to fit it ſo exactly as to permit no air to 
paſs.between it and. the barrel, and yet to move up 
and down with eaſe; the bottom of the piſton when 
down lies as cloſe as poſſible to the lower yalve, in 
order to prevent any air remaining between them. 
You obſerve that in the piece ſcrewed to the bottom 
of the piſton, there is a hole, coinciding with. one 
that goes through the piſton; over this hole a ſmall 
piece of oiled filk/is tied, which is the piſton valve; 

it opens upwards to give a paſſage to the air from 
below. In the braſs plate on the bottom, you ſee 
another hole with a yalve on the top; by this there 
28 is a paſſage for the air from any receiver placed on 
the plate of the pump to the cavity of the barrel 
at bottom; for the large plate of the pump is per- 
forated with a hole, to meet the laſt mentioned 
one. Theſe few parts are all that are eſſential to 
the pump, and will be ſufficient to give you a very 
clear notion of the principles of TR 28 are 
made 1 in a complex oral. / 55 
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To work the pump, the pile i is placed at the 
bottom of the barrel, and then lifted up; we ſup- 
poſe it to be ſo well fitted as to leave little or no 
air beneath; conſequently, on lifting it up you raiſe 
the column of air That ſtands over the piſton, and 
leave a cavity or ſpace below in a great meaſure 
void of air, ſuppoſing that none could enter into 
this ſpace through the valve in the plate of the 
pump. But - the air is very elaſtic, (as I ſhall 
prove to you hereafter) that which is in the receiver 
ruſhes through the lower valve into the void ſpace 


in the barrel, till what is there, and in the receiver, 


become equally denſe; by this means the quantity 
of air in the receiver is leſſened, and as what remains 
ſtill occupies the ſame e it is ſaid t to be en | 
or leſs denſe. | 
This is one half of the operation ; in the next 
place, the piſton is to be carried down to the bot- 
tom of the barrel; by raiſing the piſton I brou - | 
ſome of the air out of the barrel; by depreſſing the 
piſton I ſhall get it out of the barrel alſo, and ere 5 5 
get rid of it quite; for by forcing the piſton down, 
the air contained below it in the barrel (as it cannot 
return through the valves at the bottom of the plate, 
is ene by the piſton, till it acquires elaſti- 
city enough to force open the valve in the piſton, 
and make it's eſcape into the common air, from 
whence it cannot return, being prevented by the 
valve. Thus a part of the air in the receiver is 
extracted, and by continuing the operation as much 
will be taken therefrom as may be required. 
vy means of theair-pump and it's apparatus, you 
will ſoon. become acquainted with the nature and 
properties of air. Ark is a fluid into which you 
are plunged the moment you are born, and without 
which you would in a moment be deprived of life. 
The nature of a fluid ſo important, ſhould certainly 


engage the attention of 3 rational being; 1 
* | 
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no ſubſtance has a more univerſal influence on the 
general courſe of nature. The varieties in it's tem- 
perature and weight are continually agitating our 
frame; to the action of theſe changes on our bodies 
we may attribute many of our ſenſations, both irk- 
ſome and pleaſant. Indeed we have always fome- 
thing to hope or fear from the viciſſitudes of which 
it is ſuſceptible. It contributes to the formation of 
hail, and ſuſtains the clouds. Plants grow and are 
nouriſhed by it. Without the air, there would be 
neither ſound, nor voice, nor language, all fire 
would be extinct, animals would periſh, and the 
whole world would languith and decay. It is almoſt 
impoſſible for you to think with indifference of the 
wonderful effects occaſioned by this inviſible 
agent. . If your mind is capable of admiring theſe - 
effects, it will not be inſenſiblè to the pleaſure that 
1s to be derived from a knowledge of their cauſes. / 
It is ſo pleaſing to contemplate the firſtdawnings 
of improvement in ſcience, and to ſee them riſing 
gradually to perfection, through the ſucceſſive la- 
bours of innumerable minds; that I cannot refrain 
from giving you a ſhort hiſtory of the air- pump. 
'The famous experiment of Torricellius, (tobe 
Wen in the next lecture) gave riſe to the air- 
pump, and led the Florentine oo demicians to con- 
tri ve an inſtrument to procure a vacuum. For this 
purpoſe they filled a veſſel with quickſilver, and 
then emptied it, taking care to preyent the air 
from entering while the quickſilver was going out: 
this inſtrument being very Inconvenipnt, as well 
as imperfect, was ſoon laid aſideGQ. 
a Otto de 'Guericke, an ingenious. irie of 
Hamburgh, invented the air-pufpin 1654, and 
made the firſt public trial thereof about the ſame 
time at Ratiſbon, before the Emperor of Germany, 
and ſeveralof the electors, who were highly de- 
- Lighted with the curious experiments exhibited by 
| | it. 
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it. An account of theſe was ſoon after publiſned 


py Scottus, a learned Jeſuit. In 1672 Otto de 
Guericke gave an excellent narrative of his own 
experiments: the inſtrument was, however, ſtill 
awkward and very imperfect. In order to try ex- 
periments with it, they were obliged to place their 


glaſſes, veſſels, and other fubſtances under water, 


to prevent the air from re-entering. 
It was afterwards ſo much impraved by Hooke, 
the rivalof Newton, and by the famous Boyle, and 


was applied by the latter to fuch uſeful purpoſes, and 


opened in his hands ſorich a mine of natural know- 
led e, that the invention has often been attributed 


to him, and the vacuum made by the air-pump is 


ſtill called the Boylean vacuum, in contradiſtinction 
to that of Torricellius. Subſequent improvements 
have been made by Meſſrs. Graveſande, Nollet, 
Smeaton, Haas, and Cuthbertſon; but the laſt and 
moſt perfect is that of the Rev. Mr. Prince, of Boſ- 


ton in America, to which J have given the name of 
the American Air-pump. It would be unneceſſary 


minutely to deſcribe the reſpective merits of theſe 


improvements; but it would have been highly im- 


proper to leave you altogether unacquainted with 
the names of thoſe who have improved the inſtru- 


ments of ſcience, and af whoſe. labours we are now | 


5 reaping the benefit. 


It is a duty we owe ſociety to commemorate the 


benefactors of mankind: and I therefore feel 

pleaſure in laying before you a ſhort ſketch of thi 
character of Mr. Boyle, whoſe unexceptionable 
integrity, extenſive charity, and ſingular piety, did 
great honour to philoſophy; no one ever took more 


pains to promote natural knowledge in all it's 


branches; among theſe the doctrine of the air af- 
forded him ample field, and he cultivated it with 
ſucceſs ; he examined obj ections with patience, and 
refured t AP without eien. The world he 

conſidered 


— 


LECTURES ox Naru RAL Pu osorur. 


conſidered as the temple of God; and «man (to uſe 
r h words,) as horn the prieſt of nature, ordain- 
ed (by being qualified) to celebrate divine ſervice, 
not only in, but for it. Not ſatisfied with having 
promoted the belief of a Deity, and the evidence of 
truereligion, in the greater number of volumes com- 
d by him during the courſe of a laborious life, 
e has tiken care by his will to perpetuate a ſuc- 
on jon of adyocates for it. Such a man, we muſt 
allow to be an ornament to his own age and country, 
and a public benefit to all times and nations. He 
ſeems to have been a heavenly ſpirit in a human form 
deſcending from above, to ſurvey the wonders of 
this lower frame, and from thence, as from a new 
ſubject, to raiſe in himſelf and others a new ſource 
of adoration and gratitude, and new longs of love 


and praiſe. 
As you have now attained a general idea af, the 


fabric and contrivance of the air-pump, I ſhall 
proceed to inveſtigate the ene of the air itſelf 
by means of this inſtrument. 8 | 


{247 W (4 
Or THE ResISTANCE « OF AiR.. 


T7 he form of air is not viſt ble, yet the nes 
and action thereof is evident to the reſt of our ſenſes. 
This bladder which I am going to fill with air, 
will be very different when filled, from what it is 
in it's preſent ſtate; it may now be rolled up and 
twiſted almoſt into any form, but when I have 
filled it, it is capable of reſiſting a conſiderable 
preflure.—It is now filled, and you will find that 
ſcarce any force you can exert will bring it toge- 
ther. You cannot indeed ſee the air in the bladder, 
but you can feel it's reſiſtance, in the ſame manner 
the particles which give energy to the hurricane are 
inviſible, but fatal experience evinces their power. 
Here is a ſyringe with a ſolid piſton ; I have 


| Ropped che bottom, that the air contained * 
| 1 the ; 
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the Pilion and the bottom of the ſyringe may not : 


eſcape.. This air, when the piſton. is at a certain _ 
depth, will reſiſt ſo powerfully, that if the mate=- 

rials do not give way, no force whatever will bring 
the piſton down. Try it, and you will find on 
puſhing it down, that it ſcene to mou hun it en 


a verg ſtrong ſpring. 


Here are two glaſs 1 ſack: as are «Golds in 3 8 


; ſtreets by the Italians; theſe will exhibit another 


proof of the reſiſtance of the air. This in my hand 


has had the air extracted from it, the air remains 


in the other. I lift the exhauſted one up, and the 
water falls upon the glaſs in which it is incloſed 


like a piece of iron, with a ſmart noiſe, from whence 


it has been named the philgſophical hammer; while 
in this, where there is a bed of air to fall on, it 
ſcarce: makes any noiſe. Artiſts are accuſtomed to 


judge of the goodneſs of the vacuum in barometers, 


&c. by the ſmartneſs of the ſound made by the 5 


quickſilver. 


Cuſtom has e 1 contact of air 1100 fami- 5 


. liar to us, that you muſt reflect, before you can be 


ſenſible of the actual impreſſions it makes upon. 
you. Being conſtantly ſurrounded by the air, we 
do not conſider the continual force it oppofes to 
all our motions; but if we could he taken out of 
the atmoſphere, and were to return to it again, we 
ſhould then perceive. without reflection, that the 
air touches us on all ſides, as we feel that the water 
touches us when we plunge into it, —I take this 
empty glaſs veſſel, and plunge it perpendicularly 
into a jar of water with the mouth downwards, and 


vou perceive that that part of the water which an- 
ſwers to the mouth of the glaſs veſſel, ſinks in 


proportion as the veſſel deſcends, for the veſſel 
contains a column of air, which oppoſes the en- 


trance of the water, though it's reſiſtance is not 
| 1 enough to * It. intirely. Hence you 


ſee, 


. 
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Tee, why à veſſel cannot be filled with water by 
Plunging it with it's orifice downwards; why a 
tunnel, if the pipe fits cloſely to the neck 'of 'n 
bottle, is not convenient for pouring of liquor: 

for in order to put the water or wine into the 
Hottle, the air muſt paſs between the neck and the 
- funnel ; but when the neck is {o narrow, that there 
is not room for a free paſſage, at the ſame time, for 
che liquor to go in and the air to go 6ut, it muſt 
be brought about ſucceſſively. We are apt, indeed, 

to conſider every thing as empty which is only 
filled with air; but the experiments you have ſeen, 
have ſhewn the impropriety of this conſideration, 
by proving that they are fled with a elifting 
e 


Or THE Wricenr or THE AIR. 


Jou have often heard, perhaps, made uſe of 
the expreſſion, «as light as air;“ but light as it is, 
. It is heavier than you imagine, and it's weight is 
the cauſe of many wonderful effects in nature. That 
it has weight, I ſhall prove, by ſhewing you that 
a veſſel is 1 when full of air, than when the 
air is extracted from it. For this purpoſe, I have 
2 bottle furniſhed with a ſtop-cock; | Pweigh this 
accurately while full of air. I ſhall now extract the 
air out of it, and prevent it's re-entrance, by turn- 

the ſtop- cock: on weighing it again, you ſee 
It is conſiderably lighter than it was before, and 
conſequently has loſt weight by the Extinedion of 
the . 

You have now learnt that the air has wei ihr; by 
| filling the bottle when emptied of air, with diſtilled 
water, and then weighing it again, you will find 
ar's ſpecific weight, that is, you will compare a 
given quantity or bulk of air, with the ſame volume 
or bulk of water, and thus diſcover the Aer ke reg | 


er Cs them, an 
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I o0o be more particular, I fill this flaſk, when the 
air is exhauſted from it, with water, and weigh it. 

I ſubtract from this weight, the weight of the flaſk, 
(without air,) the deficiency is the weight of the 
water. A cubic inch. of water has been found to 
weigh ſo many grains; dividing therefore the weight. 
of water, by this number of grains, gives. me the 
cubic inches contained in the flaſk. .. 
J have now obtained, 1. The weight of the aſk | 


without air. 2. The manhies of cubic inches con- 


tained in the flaſk. 3. The weight of this number 


of cubic inches of water. 4. The weight of the 


ſame number of cubic inches of air. The relation 
between the two laſt numbers gives us the ſpecific: 
gravity of water and air; for the ſpecific gravity of 
air is to that of water, as the weight of a cubic inch 
of air is to that of a cubic inch of water, We ob- 


lain the weight of a cubic inch of air, by dividing 


the weight of air in the flaſk by the number of 


cubic inches contained by the flax. 


About 14 4 grains of air are equal to two pounds, | 
of water; therefore the proportion is as I to 800. 
Abſolute exactneſs is not attainable by this 


method; it is however ſufficient for every common 


purpoſe. The height of the barometer and ther- 
mometer ſhould always be noticed at the time the 
experiment is made, as a variation in theſe will 
occaſion a difference in the reſults. The weight 
of the elaſtic fluids, of whoſe nature we ſhall ſpeak, 
hereafter, may be obtained. in the ſame manner. 


Or Tur PresSURE OF THE AIR. 


As you have ſeen that the air has weight, and 
conſequently preſſes upon all bodies that᷑ are con- 
tiguous to it, you will be leſs ſurprized at ſome of 
the effects occaſioned by this preſſure. I place this 
glaſs veſſel upon the plate of the pump, from which 
you may remove it with the utmoſt facility, becauſe 


there 


; 
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| 2 is under it a maſs of air of equal denſity wt 
that which ſurrounds it; the internal air is a coun- 
ter-ballance to the column af air upon the top of 
the receiver. I now work the pump, and thereby 
take out or exhauſt the air from under the receiver, 
and thus remove the counter-prefſure ; the receiver 
will then be preſſed down upon the plate of the 


pump by the whole weight of the atmoſphere in- 


cumbent on it's ſurface. It is done, and you will 
now find it very difficult to ſeparate the receiver 


from the\ plate,' to which it is fixed down with a 


force equal to as many times 15 pounds, as there 
are ſquare inches covered by the opening at the 
mouth of the receiver. If the receiver be large, 
the weight of the preponderating column is enor- 
- mous. You cannot, I ſee, ſeparate the receiver 
from the plate; I will, therefore, re-admit the air, 


by turning this ſcrew, the ballance will again be 


reſtored, and the air preſſing as much upwards 
againſt the inward parts of the receiver, as the 
outward' parts are preſſed by the external air, the 
receiver may be eaſily removed. 


The natural propenſity of the human mind to 


know the cauſe of every effect, often leads men 
into errors, and makes them fatisfied with. a word 
which does not remove their ignorance. It is thus 
that ſome have ſaid; the glaſs was held down by 


ſuction, without explaining what they meant by 


ſuction, or ſhewing how it was produced. We 
ſhall, however, prove to you by the next experi- 
ment, that the glaſs. is not held down by ſuction. 
I take this braſs plate, put an oiled leather on it, 
and place it on the plate of the pump; I then ſuſ- 

end this ſmall receiver on the hook- under the 
larger one, and place the large one in ſuch manner 
on the plate, that the ſmall receiver, when let down, 
will come on the ſmall plate: (jg. 17, pl. 1.) upon 
| 7 A the Fanp. the air * be extmuſted from 


- both 
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both receivers. Let us now confider the * 


ſtance; there is no air under either glaſs, all is free 


within, but the outer glaſs is held down by the 
preſſure, of the external air, whilſt the ſmall glaſs 


| having no air to preſs upon it, continues looſe, and 


may be drawn up and down at pleaſure. Admit 
hs air into the receiver, and the large one will be 
ſet at liberty, whereas the ſmall one will be preſſed 


down upon the plate; and this, not from ſuction, 


for it continued looſe whilſt I was pumping, but the 
internal air or prop being taken away, the ALON 
preſſes upon it, and keeps it down.'' : 

There are few experiments which are more 


 deciſiye againft the common opinion of ſuction 
than that which is made with the inſtrument called 


a double transferer. (fig. II, pl. 2.) Screw the end 


of the middle pipe into the hole of the pump, and 
turn the cocks d, G, H, ſo as to open the commu- ' 


nication between the pipes and the pump. Place 
a receiver upon one of the plates (g), taking care 
that the communication with the other is cut off 
by turning the cock (H) connected therewith, 


exhauſt the air out of the receiver, then turn the 5 
cock (I), which connects the whole with the pump. 


to prevent the air from re- entering, and unſcrew 
the apparatus from the pump: now put a receiver 
upon the other plate, and this will continue looſe 


on the plate as long as it remains full of air: turn 


the cock (H) belonging thereto, to open the com- 
munication, between this and the other receiver, 


and the air in the laſt having nothing to act againſt 


it's ſpring, will ruſſi into that which was exhauſted, - 
until it be of equal _— ee in both, and they will 
be held down wich equal forces to their plates, by 
the preſſure of the atmoſphere, though each will 


be kept down with only one half of the preſſure 


that acted on the firſt when exhauſted: of it's air. 
lere is OP open at both ends. I took a wet 
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bladder, and ſtretched it over one of theſe ends, 
tied it faſt, and let it dry. I now place it on the 
plate of the pump; (fig. 14, pl. 1:) while the air 


| preſſes the bladder equally on both ſides, it lies 


even and ſtrait; but as ſoon as I begin to exhauſt 
the air, you ſee it is preſſed inwards, and is quite 
concave on the upper ſide; in proportion as I ex 


Hhauſt the air, the bladder is more ſtretched; it 
will ſoon yield to the incumbent preſſure, and 
burſt with a loud exploſion. You obſerve that, 


when the bladder was much preſſed down; it 
recovered it's ſmooth even fituation; as ſoon as I 
let in air to ſupport it; but no ſooner did we take 
away this aſſiſtance, than the bladder burſt, As the 
fibres of a bladder are very ſtrong, this experiment 
will not always fucceed, and you will often find it 
neceſſary to facilitate the rupture, by preſſing the 
bladder with your. finger, or the point of a knife: 
to avoid this, and render the experiment more 
certain, I macerated the bladder, and then took off 
ſome of the ſkins of which it is compoſed ; being 
thus rendered thinner, it has ſucceeded perfectly 
to our wiſhes. . 

| You aſk me, with propriety, why the weight of 
air does not break the receivers as it burſts the blad- 
der? The ſtrength of the receivers is derived from 
their circular form; the arched figure prevents 
them from giving way inwards, for if they were 
made with flatted ſides like this ſmall thin bottle, 
the external preſſure would break them to pieces 
when the air was removed from the inſide. This 
ſquare bottle has a valve at the neck opening out- 
wards; I ſet it on the plate of the pump with a 


cage over it, and a receiver over both, {fig. 2, pl. 3, 


and exhauſt the air; that in the bottle will come out 
through the valve: the air is now exhauſted, and I 
ſhall let it in again ſuddenly; the valve will prevent 


any from getting into the bottle. The receiver is 


. 5 now . 
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now full of air, and you ſee the bottle has burſt into 
innumerable pieces, with a loud exploſion; forbeing 
deprived of the internal ſupport, it was incapable 
of ſuſtaining the weight of the. atmoſphere. 
The noiſe in theſe experiments has ſtruck you with 
aſtoniſhment, it is therefore neceſſary that I ſhould 
explain the reaſon to you; it is occaſioned by the 
quantity and velocity with which the air enters 
the vacuum. Mr. Papin has calculated, that 
the* air enters a vacuum with a velocity that 
would carry it through 1300 feet in a ſecond of 
time. When I pull off the top of this tooth- pick 
caſe I rarify the air, for while I am opening the 
caſe, the capacity thereof 1s increaſed, the air 
which before occupied this ſhort ſpace, now oc- 


| cupies a larger; and the velocity and force re- 


quired to reſtore it in both pieces to it's natural 
ſtate; occaſions the noiſe. Other inſtances will oc- _ 
cur, which you may explain in the ſame manner. 
When I ſtretch out my hand, with the back 
of it upwards, I do not feel the weight of the air 
which preſſes upon it, becauſe{ the lower air preſſes 
the palm of the hand as much upwards, as the 
incumbent column preſſes the bac K part downwards; 
and theſe two mutual and contrary forces deſtroy 
each other, ſo that neither of them is felt. But 
if you place your hand upon this receiver, while I 
exhauſt the air from below it, and thus remove thge 
air which preſſed upward againſt the palm of the 
hand, whilſt the external air preſſes upon the back 
part of it, you will find your hand preſſed down- 
wards with force enough to give you pain, and 
make you feel the weight of the incumbent atmo- 
ſphere. Thus as we ſeldom know the bleſſings 
that ſurround us till we are deprived of them; ſo 
in the preſent caſe, we were not ſenſible of the 
weight of the ambient fluid, till a part of it was 
taken away, and the preſſure was not ſenſible till the 
Vor. I. 1 5 eoun- 
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counteracting preſſure was removed. To lift your 
hand from the receiver when the air is exhauſted. 
from under it, you muſt exert a force: capable of 
raiſing the column of air incumbent on it; now 
this column is equal in weight (as will be evident 
in the next lecture) to a cylinder of quickſilver, 
Whoſe baſe is of the fame ſize as the mouth of the 
receiver on which your hand is laid, and whoſe 
height is about 30 inches; of the weight of ſuch 
a column, you may form ſome idea by lifting up 
this ſmall bottle with quickſilver; at the ſame time 
that the hand is thus. forced down, the preſſure is 
taken off from that part which is expoſed to the 
vacuum; the fluids therefore flow to that part 
and cauſe it to ſwell, which is further increaſed by 
the elaſticity of the air, a property to be hereafter 

noticed. VVV 1 
Fhis experiment ſhews alfo, that there is a 
quantity of air contained in.the fleſh and humours 
of the body, and explains the nature of cupping. 
In doing this, the operator generally takes a ſmall 
glaſs cloſe at top, and holding it a little time over the 
flame of a lamp, the air is thereby rarified, and a 
part of it driven out ; the glaſs is then ſuddenly 
clapped on the part to be cupped; the remaining 
air now cools and condenſes, and the glaſs ad- 
heres to the fleſh. In proportion to the difference 
in the preflures of the external and internal air, 
the fleſh riſes in the glaſs and. becomes very 
protuberant, as in the foregoing experiment, and 
for the very ſame reaſons: the glaſs being removed, 
the part is immediately wounded by a ſcarificator, 
which is a kind of lancet with many points. The 
glaſs is then heated a ſecond time, and applied as 
before; blood and ſerofities are by the external 
preſſure of the air forced from the wounded veſſels 
into the glaſs, and when one has done it's e 
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| and drawn ſufficient, another is applied, till the 


intended quantity is drawn off. 
The beſt way of cupping is by the exhauſting 


Nh ſt be evident from what you have ſeen, 
that the preſſure will be greater and more ſenfible, 
in proportion as the mouth or opening of the re- 
ceiver is larger, and conſequently you will find 


F yri 


that your hand will be more firmly attached to 


the receiver, than your thumb will be to this hole 
in the plate of the pump. 
I have tied the neck of a bladder to a ſtop- 

cock, which I ſhall ſcrew to the plate of the 


pump, and exhauſt the air from the bladder; 1 


now turn the ſtop-cock to prevent the re-entrance 

of the air, and then unſcrew the whole from the 
pump. The bladder is transformed into two flat 

{kins, ſo cloſely applied together, that the ſtrongeſt 

man cannot raiſe one of them half an inch from 

the other. When the bladders form the area of a 

circle fix inches diameter, each fide is preſſed 

down upon it's fellow with a force equal to 396 

pounds. 

This experiment is n illuſtrated by the 
hemiſpheres, which are uſually termed the Mag- 
deburg Hemiſpheres,(fig. 20, pl. 1,) as being the in- 
vention of Otto de Guericke, of Magdeburg. 1 
apply theſe hemiſpheres together, with an oiled 
leather at the place where they ſhut; they are now 
eaſily ſeparated, and will moſt probably fall aſun- 
der by their own weight. I ſcrew them to the 
pump, turn the ſtop- cock, and then exhauſt the 
air from between them; they now (as you find) 
adhere ſtrongly together, with a force which re- 
quires about 15 pounds for every ſquare inch in 
the circle. If the air be re- admitted, they will 
fall aſunder as before, for the air reſtores the 
6 ; before it's admittance, the action 
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within was weaker than the e e from without. 


niſpheres as before, turn the Sock to prevent 
re- entrance of the air, then ſuſpend them to 
this hook under the receiver, and place the whole 
on the pump. What do you think will be the 
eonfequence, if I exhauſt the air from the re- 
ceiver? You know they are kept together by the 
air that incompaſſes them in the receiver. If then 
I ſhould take away this air, there will be nothing 
to oppote their coming aſunder. I have exhauſted 


the air from about them, and you ſee with what 


eaſe they are ſeparated. 
This fmall inſtrument /fig. 22, Pl. 150 is a mo- 


del on a ſmall ſcale of a common water pump, 


and will ſerve to ſhew you why at every ſtroke of 
the common pump, the water in the well riſes 


in the pipe below till it arrives at the ciſtern, 


and then runs ous. The braſs tube repreſents the 
barrel of the pump, the lower tube the pipe, and 

the water in the baſon that of the well. I raiſe 
the piſton, and you ſee the water follows it, riſing 
at every ſtroke till it has reached the ciſtern and 
then runs out. To. ſhew you that this effect ariſes 
from the preſſure of the air, I place the pump on 
this receiver, and put it with the jar of water on 
the plate of the air- pump; I draw out all the air 
from the receiver, and then raiſe and work the piſ- 
ton, but the water does not rife; as there is no preſ- 
ſure of air to produce that effect; a clear proof alſo 
that pumps do not at by ſuction. 


This plate and ſtop-cock. is called a PORN 


ferrer. (fig. 12, pl. 2.) I ſerew the ſtop-cock to 
the pump, and then this pipe on the plate of the 
transferrer, on which LI alſo place an oiled leather, 
and then a receiver on the leather. Exhauſt the 
| * 6 air 
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air from the receiver, and then turn the ſtop- 
cock to prevent the re- entrance of the air; now 

unſcrew the whole, and hold it over the pail of 
water, ſo that the mouth of the ſtop- cock may be 


under water; turn the ſtop- cock, and the preſſure 
of the air will force up the water into the receiver, 


and form a very pleaſing fountain. 

Other experiments will confirm what you 
have already feen, by ſhewing you that a quantity 
of a fluid as heavy as water will not ſink in the 


atmoſphere, unleſs the air have liberty to pres on 


it's upper ſurface. | 

I ſlip a piece of paper on the mouth of this 
conical glaſs which is filled with water; I then 
apply my hand to the top of the glaſs, and invert 
it: I withdraw my hand, the water remains in 
the glaſs ſupported by the preſſure that the air 
exerciſes upwards. The ſides of the inverted glaſs 
prevent the air from preſſing on the upper part ; 
but it. has free acceſs underneath, and it's preſſure 


is evident by the concavity of the paper. The 
water reſts on the paper as a common baſe, which 
keeps the ſurface uniform, and prevents the water- 
from oſcillating, and thus forming a paſſage for 


the air; becauſe when one part of the column of 


water becomes longer than the reſt, it is heavier, 
and therefore deſcends; by this means the air gets 


room to aſcend in the place of the deſcending wa- 


ter, and a general preſſure taking place, the glaſs a 


is ſoon deprived of it's contents, 


Upon this principle this fountain acts, the 


upper part or receiver (ig. c, Pl. 2,) is hollow, 
having a pipe (c) ſoldered therein, which reaches 
nearly to the top, on which being thruſt into a 
wire ſocket it reſts; it is filled by this pipe when 
inverted : on the under part of the refervoir are 
ſeveral ſmall tubes, through which the water will 
flow on the admiſſion of air. The bottom part is 

Cc 3 hollow 
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hollow to receive the water flowing from thefe 


tubes, which it does through a ſmall hole placed 
immediately under the orifice of the middle pipe; 
the area of this hole is ſomewhat ſmaller than that 


of all the ſmall holes taken together; when theſe _ 


therefore all run, they will yield more water than 


can be received in any given time. This will 


cauſe the water to riſe in the baſon, ſo as fre- 
quently to cover the end of the middle pipe; this 
prevents the entrance of the air, and takes off it's 


preſſure from the ſurface of the water in the re- 


ſervoir, which prevents the deſcent of the fluid 
through the ſmall tubes till the water at bottom 
has run off, and left a free paſſage for the air. 
By obſerving this circumſtance, you may eaſily 
give the word of command, and fay. when it ſhall 
ſtop, and when go on; this machine is called the 
Fountain of command. | 


There are a number of ſmall holes in this tin 


veſſel; the mouth is not more than 4 of an 
inch in diameter. Plunge the veſſel in water, and 
when it is full cork it up, and take it out of the 
water; ſo long as the veſſel remains corked, no 
water will come out; but as ſoon as the air has ac- 
ceſs to the upper ſurface, which it will have on 
your taking out the cork, the water will iſſue from 
the ſmall holes at the bottom. 

I cannot diſmiſs this part of our ſubject, with- 
out explaining a little inſtrument called the anti- 


guggler, (fig. 4, pl. 2,) formerly much uſed for de- 


canting of liquors liable to ſediment. ” 

As you have ſeen the neceſſity of the air's up- 
per preſſure, to promote the eaſy and uniform flux 
of fluids from cloſe veſſels, commonly called giv- 
ing them vent ; you will not be ſurprized, that in 


decanting liquors where this upper 9 * = 


wanting, there ſhould happen a kind of ſtrug- 


_ gle, between the groſſer fluid endeavouring by it's 


greater 
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greater gravity to iſſue forth, and the air endea- 
vouring to prevent it by it's repreſſure; hence 
ſuch a convulſive motion is often produced in the 
body of the liquor as to render it foul. To 
prevent this inconvenience, the anti-guggler was 
invented; it conſiſts of a crooked tube of metal, 
io bent, as to be eaſily introduced into the neck 
of moſt bottles. © | 

To uſe this inſtrument with ſucceſs, the bot- 
tle containing the liquor to be decanted, is to be in- 
clined a little to one ſide. Let a ſmall quantity of 
liquor run off, half a ſpoonful perhaps; to anſwer 
this, an adequate quantity of air will enter through 
the neck with a kind of glub, and riſe into the 
upper part of the bole; with your fore finger on 
the ring (c), and your thumb held cloſe to the 
neck of the pipe (A), introduce the machine into 
the neck of the bottle, thruſting it quite through 
the body of the liquor till the end (B) reaches, 
or is very near the bubble of air before admitted; 
in doing this, the liquor cannot enter into the tube 
on account of the incloſed air, which is prevent 
ed from eſcaping by the thumb. Take off your 
thumb, and an immediate vent will be given to 
the bottle, and the liquor will flow out ſteadily 
and unconvulſed. . : 
Our next experiment will be with a /yringe and 
aleaden weight, (fig.g, pl. I,) at the bottom. The piſ- 
ton of this ſyringe is different fromthat of a common 
one, as it has no hole through it, nor valve; it is 
called a ſolid piſton. If therefore I place the piſ- 
ton at the bottom of the ſyringe, ſcrew on the 
lead weight with a piece of leather to prevent any 
air getting in, and then lift up the piſton; it is 
evident that it leaves a vacuum below it: let us 
ſee the conſequence. I let go the piſton, and it 


flies rapidly to the bottom on account of-the air's 
preſſure upon it, ſo that the piſton and the 5 
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weight are kept . together by the preſſure of the 
external air. all now ſuſpend it under a re- 


ceiver; upon ee the air, and leſſening it's 


force on the ſyringe, the weight of the lead will 


cauſe the ſyringe to deſcend from the piſton, and 


that lower in proportion as the air is more ex- 
hauſted; on letting in the air, it forces the ſyringe 


up again to the piſton. 


Every experiment you have ſeen bay furniſhed 


inſtruction, and though ſome may at firſt ſight 


appear of but ſmall importance, their value will 
be evident when you come to other branches of 
ſcience. Here is a large piece of cork pending 
from one end of a ballance beam, a ſmall piece of 
lead is at the other end of the beam, the lead ra- 


ther preponderates over the cork ; Jet us place this 


apparatus under a receiver on the pump; when 
the air is exhauſted, you will find the cork which 
now ſeems the lighteſt, proves the heavier body, 


and preponderates the lead. I have only moved 


the winch twice, and you ſee that the cork and 
lead are in perfect equilibrium; as I exhauſt the air, 


you ſee the cork preponderate the lead as far as the 


beam will admit; you will hereafter ſee many expe- 


riments to prove, that bodies moving in a fluid meet 


with a reſiſtance from it; and that in proportion as 
their bulk is larger than an equal bulk of the fluid. The 
air is a fluid; and. the cork of equal weight with 
the lead being many times larger in bulk, will 


meet with ſo much more refiſtance from the air; 


this refiſtance will oppoſe a deſcent of the cork 


more than it does that of the lead, and will con- 


ſequently diminiſh more of it's weight. Hence 


hen the weights are equal in air, it muſt follow, 


that when it is taken away, the larger bulk of 
cork which was before reſiſted, will prove the 


heavier body, as you have ſeen in, the e in- 


ſtance. 
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A pair of common bellows is a philoſophical 
inſtrument. I have ſtopped the vents or apertures 
of this, and you will now find it very difficult to 
open the bellows; this difficulty ariſes from the 
weight of air on the boards, which will be removed 
as ſoon as I unſtop the vents, and let the air get in. 
When the upper part of the bellows is lifted up, the 
body of air 1s lifted up from the lower part, and 
the air ruſhes in at the vent at bottom to fill up the 
ſpace between the two boards. When depreſs. the 
upper board, the air preſſes againſt it, and ſhuts the 
valve at the vent, and not being able to eſcape that 
way, is forced with rapidity through the narrow hole 
of the pipe, and being directed to the fire makes it 
burn; britkly. 

175 By the preſſure of the air, the ſuction of ani- 
mals is explained. When a child ſucks at the 
breaſt, it performs by a natural and eaſy mechaniſm, 
what we perform by our machines in an aukward 
and laborious manner. When the mouth is applied 
tothe breaſt, the/child drawsin it's breath, thenſtops 
thc entrance into the mouth by the noſtril, and 
queezes the nipple between his lips; the entrance 
of the air being excluded, and a vacuum made, the 
preſſure of the air upon the mother's breaſt will 
force the milk into the mouth, as long as the child 
continues to carry it off, and preſerves by it's tongue 
the vacuum.“ 
+... Sucking and ſwallowing. are very complex 
operations. Anatomiſts deſcribe about thirty pair 
of muſcles that muſt be employed at every draught: 5 
of thoſe mulcles every one muſt be ſerved by it's 
proper nerve, and can make no exertion but by 
ſome influence communicated by the nerve. The 
exertion of all thoſe muſcles and nerves is not fimul- 
taneous, they mult ſucceed each other in a certain 
order; and their order is no leſs neceſſary than the 
exertion itſelf. This regular train of operations is 
5 carried 
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carried on according to the niceſt rules of art, by 
the infant who has neither art, nor ſcience, nor 
experience, nor habit. Oh 175 
I have now ſhewn you with what powers of 
reſiſtance the air is endowed, it's comparative 
weight with that of other bodies, and the _— 


force of this weight: this knowledge has enable 


us to explain ſeveral of the common phenomena 
which are continually occurring to us. The fur- 
ther you advance, the more you will comprehend, 


till at laſt wherever you go you will meet with ob- 


jects of information. Arts, manufactures, com- 
merce, laws, civil government, the order and 
happineſs of ſociety, are the reſult of knowledge 
and ſcience, and participate in their improvement, 
and together with them make advances towards 
perfection, or ſink into barbarian darkneſs. Though 


young in years, you are put in poſſeſſion of facts, of 


which the ſages of antiquity were ignorant. The 
philoſophers of the early ages, like the * children 


of the world,“ were amuſed and ſatis fied with the 


obſcurity of hypotbæſis, and the illuſions of conjeFure ; 
but the world riſing in years and in wiſdom, rejects 
ſuch methods of philoſophiſing, and confiding in 
facts alone, is enabled to interpret the operations in 
nature, and draw aſide her veil.* Indeed the 
Almighty teaches and inſtructs us in the inviſible 
things of himſelf, no otherwiſe than through the 


medium of the things that are made; and therefore 


he firſt gave us the knowledge of the natural world, 
that through it we might attain to that of the ſpi- 
ritual. The foot of the ladder was let down to earth, 
that we thereon might aſcend to heaven.f | 


Sir J. Pringle's Diſcourſes, f Bp. of Norwich. 
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LECTURE H. 


T is of the utmoſt importance to your real. ad- 
_ 4 vancement in ſcience, to avoid every ſource of 
error, or whatever may lead you to form an erro- 
neous judgment. Now a true judgment can only 
be obtained by a profound view of nature, and a 
ſtrict examination into the mutual connections and 
dependencies of things; you wilkhence ſee the ne- 
ceſſity of ſtrict and accurate examination, of time 
to acquire the requiſite knowledge, and of atten- 
tion to comprehend. it: for among the various 
ſources of error, we may reckon the precipitation 
of our judgment, and a preſumptuous ignorance as 
the principal. From theſe, as from a fruitful 
ſpring, ariſe obſtinacy in error, and reſiſtance to 
truth. A preſumptuous and untractable diſpoſition 
18 not fitted to receive inſtruction : it is a ſtubborn 
and ſtony ſoil on which the ſeed ſown is intirely 
loſt, never producing fruit, Preſumption and 
prejudice are two of the great ſources of human 
infelicity, and yet we are too apt to indulge both 
in all the objects of our wi and judgment, the con- 
ſequences of which is our frequent miſcarri 
in the purſuits both of happine/s and knowledge. 
Mankind are always ready to adopt or reject 
what accords with pre-conceived opinions, to make 
reaſon ſubſervient to prejudice, and to reject with- 
out examination, whatever is diſcordant with a 
received ſyſtem; thus cloſing the door of ſcience, 
and excluding themſelves from the benefit of light. 
Me are told of a Florentine philoſopher, whoſe pre- 
Judices had taken ſo deep root, that he could never 
be perſuaded to look through one of Galileo's te- 
leſcopes, leſt he ſhould ſee ſomething in the hea- 
vens that might diſturb his belief of the Ariſtotelian 
philoſophy, © Es | 7 1 
| 167 8 


28 LrcTvures ON NATURAL PHILOSOPHY, 


The principal and ſureſt ſtep towards the 


poſſeſſion of the good' we ſeek, is our love of and 
affection for the object; this quickens induſtry, and 
ſharpens attention; ſo that the love of truth is the 
beſt means of ſucceeding in the ſearch of it. There 


is hardly any one who ſufpects he wants this love, 


and yet how few are there whom their confidence 
does not deccive. We miſtake the love of our 
opinions for the love of truth, becauſe we ſuppoſe 
our ownopinions to betrue ; and yet for the moſt part 
they have been received upon credit, and are con- 
ſiequently more likely to be falſe. The love of our 
opinions is in this caſe the love of error, and the 
affections being miſplaced are a greater impediment 
in the purſuit of truth, than if we had no affec- 
tions at all concerning it. e 454 | 
Lou ſhould, therefore, ſet out in the ſearch 
. of truth as of a ſtranger, not in ſearch of arguments 


to ſupport your own opinions, and endeavour to 


maintain your mind in a ſtate of equilibrium, an 

| indifference for every thing but known and well 
atteſted truth, totally regardleſs of the place from 
whence it comes, or that to which it tends; being 
fully perſuaded that ruth, no more than it's author, 
can fink to the level of our ignorance; but that by 
a proper cultivation of our reaſon we may riſe to 
truth, may reach it's ſublimeſt height, it's reſidence 
near the footſtool of the Almighty.* . 


Or THE BAROMETER OR TORRICELLIAN VACUUM, 


An account of the origin of the Barometer will 


be a ſtrong confirmation of the truth of theſe poſi- 


tions; it's hiſtory is ſo connected with that of ſound 


philoſophy, that the one naturally recalls the other 


to the mind. The torricellian experiment on which 
it is founded, like a river ſmall in it's origin, but 
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large in it's progreſs, has been the happy means 


of ſpreading light through nations who are even 
yet ignorant of it's name, and been productive of 


benefits to thoſe who are unacquainted with it's 


principles. fs * 


Till che laſt century, mankind, though loaded 
and compreſſed by the weight of the atmoſphere; 


refuſed to acknowledge it's action. In vain all na- 
ture depoſed that the air was heavy and elaſtic, 
they ſhut. their eyes to it's teſtimony. Water was 


raiſed in pumps, and ran through ſyphons in for- 
mer times as at preſent.” The ſides of a pair of 
_ bellows, whoſe apertures are cloſed, were then as 


now feparated with difficulty, children ſucked, the 


air entered rapidly into the lungs at each inſpira- 
tion, cupping glaſſes were uſed to raiſe the fleſn; 


yet notwithſtanding theſe manifeſt proofs of the 


weight of the air, ancient philoſophers maintained 


that it had no weight, exerted no preſſure; and ex- 
plained all thefe phenomena by a horror which they 


ſuppoſed nature to have for a vacuum, contenting 


themſelves with thinking after Ariſtotle, that nature 


hated a void, and therefore made all poſſible haſte 
to fill it, when the art of man had made one. 
This is not the only inſtance that will occur in-your = 
reſearches after-truth, in which you will find words 
alone, ſeparated from the ideas annexed to them, and 


from all explication of the operation which they 


effect, have been imagined ſufficient to account for 


phyſical phenomena, though they leave us as deſti- 


tute of all information as we were before we uſed 


them. 


It was not, however, till the 15th century, that they 


began to try what were the boundaries of this 
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| You will be more ſurprized that mankind 
ſhould continue in error, after they had perceived 
and acknowledged that this horror had it's limits. 
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Some plumbers belonging to the Duke of Flo- 
rence, wanting to raiſe water 50 or 60 feet high, 
eee to effect mo > gh is 8 — 

uc mp; notwithſtan they uſed all poſ- 
— <a conſtruction, * could not —4 
water higher than 32 feet. Tired out with repeated 
trials, they applied to Galileo, one of the ſathers of 
modern philoſophy, for a ſolution of their difficul- 
ties: for if the water roſe on account of nature's 
horror for a vacuum, it would follow that water 
might be raiſed to any altitude, for why ſhould na- 
ture have a greater averſion to one height, than to 
another? it was therefore confidently aſſerted by 
ſome who had embraced this opinion, that it might 
be raiſed ad libitum. Galileo, who had hitherto 
contented himſelf with the common notion of 
nature's abhorrence of a vacuum, now ac know- 
ledged that this horror had it's limits, and with this 
he contented himſelf. Galileo had found that the 
air had weight, but the diſcovery of 1t's ee 
was reſerved for Torricellius. 

When we conſider the abilities of Galileo, and 
reflect on his various diſcoveries, as of the iochroni-- | 
| cal vibrations of the pendulum, the laws of falling 
bodies, &c. we are ſurprized that he ſhould fail in 
one apparently more evident, and whoſe bounda- 
ries he ſo nearly approached. How great muſt be 
the force of prejudice, which could have ſuch in- 
fluence on a mind like that of Galileo! 

But mankind had now, for more than a thee | 
ſand years, looked up to Ariſtotle as an oracle in 
P! hiloſophy. His authority was the teſt of truth ; ' 

was a philoſophy, ſays Lord Bacon, fruitful of 
words, but barren of works ; admirably contrived. 
to draw a veil over ignorance, and put a ſtop to the 
progreſs of knowledge, by filling men with a con- 
ceit that they knew every thing: a philoſophy, 
that inſtead of W for 1 of the pheno- 
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with quickſilver inſtead of water, | 
fect equally and ſurprizingly to anſwer, and by the 
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mena of nature, contrived to give learned names to 


: 2 unknown cauſes, and fed men with huſks of 
 tbarbarous terms, inſtead of the fruits of real know 


ledge.* At length men grew wiſer by the folly of 
thoſe that went before them, and a different me- 
thod-of ſtudying nature was invented and purſued 
in which fancy was excluded, and fact only allowed 


for a ſolid ground of phyſical progreſſion. 


The diſcovery of the barometer-by Toricellius 
in 1643, was one of the firſt effects of theſe re- 
fearches. He formed the firſt rough model of a2 


barometer in a pipe, or tube of 60, and afterwards 


of 40 feet in length ; which being immerged and 


ſuſpended in a veſſel of water, and the air extracted 


by a ſyringe, the water was always found to riſe and 
continue ſuſpended at the height of 32 or 33 feet, 


with ſome ſmall variation, but could by noart be 


drawn, or kept up to the height of 38 or 40 feet. 
But this inſtrument being of an unmanage- 


able length and ſize, Torricellius conſidered that 
the quickſilver endeavours to deſcend by it's gra- 


vity, with a force equal to that by which it's de- 


ſcent is prevented; and comparing the ſpecific. gra- 


vities of the two fluids, and a a tube of glaſs: 
e found the ef. 


advantage of ſo weighty a fluid, he reduced the ba- 
zometer in it's length from 40 feet to 32 inches; 
the water being raiſed as much higher as it was 
lighter than the mercury. Hence Torricellius 
concluded, that they were both ſupported. by the 


fame counter-weight, and that this counterpoize 


was the air; and you will ſee by other experiments, 


that when this counterpoize, or the external preſ- 


ſure of the air, is removed, the mercury falls into 


To 


* Reid on the Intellectual Powers of the Human Mind, p. 237. 
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2 0 fill a Barometer tube. I take a clean warm 
olaſs tube about 33 inches long, and pour quick- 
filver into it by means of a ſmall paper funnel; you 
obſerve, that as the quickſilver riſes in the tube, 
there are bubbles of air left behind in ſeveral parts; 
I continue pouring the quickſilver till it fills the 
tube within about half an inch of the top. I then apply 
my finger hard and cloſe upon the top of the tube, 
and invert it; by which means the air that was on 
the top, now riſing through all the quickſilver, ga- 
thers every bubble in it's way. I revert the tube or 
turn it up again, and the bubble of air reaſcends, 
and if there are any ſmall bubbles left, carries them 
away; if however any remain, the operation muſt 
be repeated. I now fill the tube to the top, 
and placing my finger on the open end of the tube, 
plunge that end into this baſon of quickſilver; when 
the end of the tube is perfectly ſubmerged in the 
quickſilver, I take my finger away, and you ſee the 
quickſilver remains ſuſpended in the tube, leaving 
a vacuum at top. The column of quickfilver is 
about 30 inches in height, now you will obſerve 
that there can be no air in the ſpace between the 

lickſilver and the top of the tube, for till the fin- 
ger that cloſed the ori fice in the baſon was taken 
away, that ſpace was filled with quickſilver, and 
the quickſilver which was 33 inches high, ſunk 
in the tube, and left that ſpace free from air, for 
no air could get into the tube, unleſs it could 
force it's way through the quickſilver in the baſon, 
and the 30 inches in the tube; or. penetrate 
through the ſealed end of the tube: but as neither 
of thoſe can be done, it follows, that in the part of 
the tube which the COINS leaves, there muſt 
be a vacuum. 5 
| This experiment was ſoon communicated to 
the literati of Europe, who led by the bright exam- 
pies of Galileo and Bacon, were then juſt ONS: 5 
rom 


* 


from the darkneſs of the ſchools, and in queſt of 


new diſcoveries. Among others it had the happineſs 
of engaging the attention of the defervedly cele- 
brated Paſcal, a man who was as remarkable for 
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unfeigned piety, as for extent of genius. He ſoon. 


rendered evident, what had as yet been conſidered 


only as probable. His experiments are too nume- 


rous to be inſerted here: there is one however which 
muſt: be noticed, not only becauſe it is a fatisfac- 


tory proof, that the preſſure of the air ſupports the 


mercurial column in the barometer, but alſo be- 
cauſe it pointed out a very important uſe of this 


inſtrument, namely, that of meaſuring the heights 
of mountains. As there is always ſomething to be 


gained by hearing Paſcal ſpeak for himſelf, I ſhall 
read to you a letter he wrote in 1647, to Mr. Per- 
rier his brother-in-law. I have thought,” ſays he, 


ce of an experiment, which, if it can be executed with 


accuracy, will alone be ſufficient to elucidate this 
ſubject. It is to repeat the torricellian experiment 


ſeveral times in the fame day, with the ſame tube 


and the ſame mercury, ſometimes at the foot, ſome- 
times at the ſummit ofa mountain 5 or 600 fathoms 
in height. By this means we ſhall aſcertain, whether 
the mercury in the tube will be at the fame or a 


different height at each of theſe ſtations. You per- 


ceive without doubt that this experiment is deci- 
five, For if the column of mercury be lower at 


the top of the hill, than at the haſe, as I think it 


will, it clearly follows that the ꝓreſſure of the air 


is the ſole cauſe of the ſuſpenſſon of the mercury 
in the tube, and not the horror f a vacuum; as it 
is evident there is a longer column of air at the bot= 


tom of the hill, than at the top: but it would be 


abſurd to ſuppoſe, that nature abhors a vacuum 


more at the baſe, than at the ſummit of a hill. For 
if the ſuſpenſion of the mercury in the, tube is o- 
ing to the preſſure of the air, it is plain it muſt be 
. I. e | 
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equal to a column of air, whoſe diameter is the 
ſame with that of the mercurial column, and whoſe 
height is equal to that of the atmoſphere, from the 
furface of the mercury in the baſon. Now the baſe 


remaining the ſame, it is evident the preſfure will 


be in proportion to the height of the column, and 
that the higher the column of the air is, the longer 
will be the column of mercury that will be ſuſtained. 

M. Perrier tried this experiment on the Pui de Dome 
in the manner preſcribed by M. Paſcal, whoſe con- 


jectures it perfectly verified, for the mercury in the 
barometer fell in hg Ha as M. Perrier afcen- 


ded the mountain. 

Other proofs. of the ſame truth are ae 
obtained from the air- pump: for by this inſtrument 
we can ſhew what will happen when the preſſure 
of the air is removed from the barometer. - For 
this purpoſe I place this barometer on the plate of 
the pump, putting a long receiver over it. (fig. 11, 
pl. 3.) I begin working the pump, and you ſec 
the ee immediately deſcends, and that i it con- 
tinues deſcending in the tube, and going into the 


Jar all the while I am exhauſting the air; when 


there is no air left, there is no mercury ſuſpended. 

A column of 30 inches was ſuſpended whilſt the air 
preſſed freely on the mercury; but this height de- 
ereaſed as the preſſure grew leſs, and none » ſup- 
ported when that preſſure is removed. The preſ- 
ſure of the air being the power by which the mer- 
cury is ſuſtained in the barometer, it is a conſe- 
quence that on the removal of the air from the mer- 
cury's ſurface, the mercury in the tube maſt de- 


ſcend. It is plain that it is the weight. of the air 


that ſupports the mercurial column. This conclu- 

ſion is confirmed by the readmiſſion of the air into 
the receiver; for on my doing this, you ſee that the 
mercury which had before fallen out, is now preſ- 
ſed into the tube, and riſes therein till it ſtands 
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again at it's former height. A barometer inclu- 


ded in the receiver of an air-pump, is of great uſe 


in aſcertaining the preſſure of the air remaining 
in it after having been partly exhauſted. For this 


preſſure will always be to the preſſure of the at- 


moſphere on a given ſurface, as the been of the 

altitude. 
The barometer when applied to this uſe is called 
a guage. There is another kind of guage, (A, fig. 2, 
pl. '1,) conſiſting of a ſhort tube hermetically 
ſealed at one end, filled with quickfilver, and in- 
verted with the open end into a ſmall jar of quick- 
ſilver, and placed on a ſmall plate communicating 


with the receiver. Now as the barometer ſhews 


the degree of exhauſtion by it's riſing, ſo this guage 


ſhews how far the air is exhauſted by the deſcent _ 
of the quickſilver: for as the air is drawn but of 
the receiver, it is at the ſame time drawn out of 
the glaſs placed over the guage, and conſequently _ 
it's preſſure on the quickfilver in the baſon being 


conſtantly diminiſhed, it will at length become 


leſs than the weight of the mercury in the-tube, 


at which time the mercury will begin to ſubſide; and 


as the air is further exhauſted, will ſtill ſink lower, 
till at laſt it will ſtand but a very ſmall height 


above the ſurface of that in the jar. 


I ſhall give you one proof more by an expe- 
riment of ſo ſimple a nature, that you may eafily 


repeat it; no apparatus is required, but a glaſs 


tube open at both ends; with this, ſome mercury 
and a piece of bladder, you may readily prove to 
any of your companions, the principles on which 
ſo heavy a fluid as mercury remains ſuſpended in 
the barometer. Here 1s a tube of glaſs, about 33 
inches long, open. at both ends; I ſhall cloſe one 


of the ends with this piece of wet bladder, tying 

it faſt thereon. I now fill the tube as I did the 
barometer, put my finger on the open , 
FELT, D'2 : 
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and immerge the end covered by my finger in this 
veſſel of mercury without letting in any air; I 
take away my finger, and you perceive that a part 
of the mercury precipitates itſelf into the baſon, 
and the reſt remains fuſpended as in our former 
experiments. You obſerve alſo, that the bladder 
is forced into the tube, being convex on the ſide 
next the mercury. I ſhall now make a hole in the 
bladder with a fine needle; you ſee with what 
velocity the mercury is precipitated into the. 
' baſon ; the column of air that entered at the 
top, being equal to that by which the mercury 
was ſuſpended, the mercury defcends by it's own | 
weight. | , 

Though theſe experiments render this fubject 
fo plain and evident, yet on it's firſt diſcovery, it 

had to ſtruggle with the prejudices of thoſe who 
Had been accuſtomed to think only in a certain 
ſyſtematic way, and who could not beprevailedon to 

abandon their favourite opinions. The various 

/ ſubterfuges employed at this period, and their con- 
futations, may be ſeen in the works of Paſcal, 

Boyle, and Power. By degrees, however, the ex- 

periment you have ſeen ſoftened ancient preju 

dices, the prepoſſeſſions in favour of an abſurd 

ſyſtem vaniſhed, and the weak opinion by which 

the multitude is governed, began to loſe it's in- 

fluence. . 

- You have feen the preſſure of the air down- 

| wards; I ſhall now ſhew you the action of this pref- 

5 7 ſure in different directions, for like other fluids 
it preſſes equally every way. I have here a tube 

for the torricellian experiment with a lateral open- 

ing covered by a bladder; I fill and invert it, as 

in the preceding caſes, and you ſee the mercury 

* remains ſuſpended as before; I pierce the bladder, 
and the air which enters by this aperture, di- 
vides the column of mercury into two parts, 
3 e i forcing 
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forcing one downwards into the baſon, and 
carrying the other upwards with great violence 


againſt the top of the tube; thus ſhewing you the 
action of the air in two different dire&tions. © 
Here is a barometer properly filled, and immer- 
ſed in a baſon of mercury; the baſon is ſo deep, that 
you may lift the tube up a good way, without 
raiſing the lower orifice above the ſurface of the 


mercury; you 'will find that on lifting the tube 


you raiſe a weight equal to that of the column of 


mercury ſuſtained in it. That this is not the 


weight of the mercury, is evident from this con- 
ſideration, that in lifting the tube you do not raife 
the mercury, the tube riſes by itſelf, and flips over 
the column of mercury contained in it; the top 
of this column being no further from the ſurface 
of the ſtagnant mercury after you have lifted up 
the tube, than it was before. Neither indeed ought 
the weight of the mercury in the tube to be felt; 
for the preſſure of the atmoſphere upwards ſupports 


that weight. But as the preſſure upwards is thus 


counterpoized by the mercury in the tube, there, 
is. nothing to ſupport and counteract the weight 
of the column of air which preſſes downwards upon 
the top of the tube. This preflure will therefore 
be felt in lifting the tube, and as it is equal to 


the weight of 30 inches of mercury, lifting this 


preſſure is, as to ſenſe, juſt the ſame as lifring the 
weight of mercury in the tube. 

From theſe experiments it is evident, that the 
ſurface of the globe on which we live ſuſtains an 
ocean of air, that is circumfuſed about it to a con- 
ſiderable height. The inhabitants on it's ſurface 


reſemble therefore the fiſhes at the. bottom of the 


ocean; like them we are ſurrounded by a fluid that 


Tiles far above our heads. 


A ſquare column of quickfilver 29 + inches 


high, and I inch 1 in diameter, is eſtimated to weigh 


D'z  _- | 15 pounds, 
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15 pounds. Such then at a medium, is the pref. 


ſure of the air on every ſquare inch of the earth's 


ſurface; and as a ſquare foot contains 144 ſquare 


inches, the preſſure muſt be 144 times as much, 
or 2160 pounds on every ſquare foot; ſo that a 


middle fized man, whoſe ſurface may be eftimated 
at 14 ſquare feet, ſuſtains a ads of 30240 
pounds. 

The following i is a comꝑptation of the weight 
of all the air which preſſes upon the whole ſurface 


of the earth. If this weight were to be ex- 


preſſed by the number of pounds it contains, that 
number would be ſo large as to be in a manner in- 
comprehenſible. We ſhall therefore make uſe of 
another mode of expreſſing it, by determining the 
diameter of a ſphere of lead of the ſame weight 
with all the air which preſſes upon the whole ſur- 
face of the earth. That diameter is found to be 
nearly. 60 miles long,* Great as this preſſure is, 
the removal thereof would prove a cauſe of im- 


mediate death. We even as it were enjoy the 


load, and © it is as wings to our feet, and ſinews 
to our limbs.” Sounds travel through it with, 


great rapidity; odours and emanations of all kinds 
find no difficulty in moving it forward, and preſſing 


ir ige 


two tons, you need not wonder at the freedom with 
which you traverſe the atmoſphere, ſince you ſee 


fiſh move with as great eaſe in a much more denſe 


and more weighty element. You are not ſenſible 
of this enormous weight, becauſe you have been 
accuſtomed to it, and ſupported it from your ear- 
lieſt infancy. Senſations to which we have been 
always and at all times accuſtomed, are ſeldom 
felt; we can perceive no differences where we can 
have no ſtandard to judge of variation. Divine 
Proy jdence has alſo counteracted this preſſute 


| Cote's Hydroſtatical Lecture, p. 94. 


Though our bodies 1 a weight of nearly 
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by the ſpring of the air which is diffuſed through 
the whole body. We therefore do not feel the 
weight of the incumbent atmoſphere; firſt, becauſe 
it is counteracted, and ſecondly, becauſe it has al- 
ways acted upon us, and we cannot remove from 
it's preſſure. | ret! £08 1 | | 


Or THz ELASTICITY OR SPRING OB THE AIR; 


Air is elaſtic and compreſſible, It is com- 
preſſible, for the parts may be brought cloſe to- 
gether, and made to occupy a ſmaller ſpace ; but 
when that force is removed, it expands or ſprings 
out again, fo as to occupy the fame fpace it did 
before it was compreſſed. This property diſcri- 
minates air from many other fluids; thus a quan- 
tity of water, mercury, &c. of any given magni- 
tude, can never be reduced in it's dimenſions ſo 
as to occupy a ſmaller portion of ſpace; whereas 
air will by compreſſion ſuffer a very great dimi- 
nution of it's bulk. In other words the air con- 
ſiſts of, or at leaſt abounds with, parts of ſuch a 
nature, that in caſe they be compreſſed, and there- 
by reduced into leſſer dimenſions, either by the 
weight of the incumbent atmoſphere, or by any 
other force, they endeavour. as much as in them 
lies to free themſelves from that preſſure, and re- 
gain their former dimenſions by bearing againſt 
the contiguous bodies that Keep them in. This 
propenſity may be illuſtrated by a compariſon. 
Here is a handful of wool which I preſs cloſe to- 
gether, and reduce into a ſmall compaſs; I open 
my hand, and it recovers it's former bulk from the 
natural ſpring of the fibres. The air is always 
compreſſed by it's own weight, and the expanſion 
of the contiguous air: conſequently the air in a 
valley is more compreſſed than that on the top of 
2 mountain. It may therefore be compared to 
many fleeces of wool =o one upon the other; it 


before. You may even perceive, while you com 
pPreſs it, a very great endeavour to free itſelf from 
the violence you offer to it. 
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firſt aſcertained by ſome experiments of Lord Ba- 
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external and internal air being of the ſame den- 
gin to rarify the external air by working the pump, 


and: lax, ſtretches itſelf out and becomes tight, 


a 
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is evident that as the lower ſtrata ſupport the 
weight of the ſuperior ones, they will be more 
Joaded than the upper ones, and will conſequently 
be flattened, and have leſs bulk with the ſame 
maſs, and therefore be more denſe or compact. 
The denſity of the next upwards will be leſs, be- 
cauſe it will ſupport leſs weight, and ſo of the 
remainder. It is thus alſo with air. 

To ſhew you that the air is elaſtic, I have no 
occaſion for any inſtrument, as it will be ſuffi- 
ciently proved by your only preſſing this bladder 
between your hands. You find that the force you 
exert, reduces the air contained in the bladder intc 
a leſs ſpace, but that as ſoon as you ceaſe to preſs, 
it immediately expands and fills the ſame ſpace as 


The elaſticity of the air, the ſecond great 
ſource of the effects of this important fluid, was 


con, the friend and father of modern philoſo hy, 
who upon this principle conſtructed his firſt * 
mometer, which he called his vitrum calendare. 
In conſequence of this elaſtic principle, the 
air always endeavours to expand itſelf, and oc- 
cupy more ſpace. Here is a bladder containin 
only a ſmall quantity of air, the neck is tied cloſe 
to prevent the air from eſcaping ; ſo long as this 
bladder is expoſed to the common preſſure of the 
atmoſphere, it will remain in the 5 ame ſtate, the 


fity ; but when I put it under this receiver, and be- 
the fide of the bladder, which before was flabby 
being raiſed 'u _— the elaſtic power of the air 


within it. (fig. 10, pl. 1. i When ; let in the ex- 
WE ies Ns = ternal 
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ternal air, the bladder returns to it's former 


' ſhape, the external air preſſing down the bladder 


till the internal air is reduced to a denffty ca 
ble of counteracting and het ab, the: WHOS | 
weight of the atmoſphere. 

Though only a ſmall quantity of air was con- 


tained in the bladder deſigned for the preceding 
experiment, yet that ſmall quantity is capable of 


raiſing a conſiderable weight. I put it in this box, 
cover it with theſe leaden weights, place it on the 
plate of the pump with a receiver over it. (fig. 6, 
pl. 2.) In proportion as I exhauſt the air, the 


bladder ſwells, raiſing the incumbent weight; on 


the readmiſſion of the air, the weights ſubſide to 
their former ſituation. As you have ſeen ſo ſmall 
a quantity of air lift ſo conſiderable a weight, you 
will be leſs ſurprized when I inform you, that by 


blowing into a bladder very large weights may be 


raiſed. Sturmius connected ſeveral bladders with 
a pipe in ſuch a manner, that there was a free 
communication from the pipe to all the bladders ; 
he then placed a mill-ſtone on the bladders, and 


vas able to raife it ſenſibly by blowing —_ 


with the mouth into the pipe. | 
Here is a thin bottle with flat ſides, there is 
a cork in the neck, and the cork is covered over 
with cement to prevent the air within the glafs 
from eſcaping; I ſhall place it under a receiver, 


putting this cage previouſly over it. I work the 


pump, and as ſoon as the air is ſufficiently rarified, 
the ſpring of the air within will dilate with ſo 


much force as to break the bottle. This experi- 
ment has given riſe to a problem, in which the 
form of a phial is required capable of ſo re- 
- fiſting the force of the included air, as not to 


break when the external preſſure was taken off. 
is form was determined to be a ſphere, in which 
with The ſame maſs, you have the greateſt ade 
under 
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under the leaſt ſurface ; conſequently, a bottle of 
this form will be the ſtrongeſt that can be made 
out of the ſame maſs or quantity of materials. 

I place this Ie apple under a receiver, 
and exhauſt the air therefrom; the ſkin ſwells as 
ſoon as I begin to work the pump, the wrinkles 
fill up, and the apple now appears as one freſh 
gathered. I let in the air, and it returns to it's 
withered ſtate. 

In the doubling of the film at the large end 
of an egg, there is incloſed a ſmall quantity of 
air; this air being dilated by the warmth of the 


hen, preſſes on the contents of the egg, and contri- 


butes to the formation and production of the 
chicken. This included air will afford us a very 
pleaſing experiment, illuſtrative of it's expanſive 
force. Let us break off about one third part of 
the ſhell at the ſmall ,end of the egg, invert it, 
throw away the contents, then place it under a re- 
ceiver, and exhauſt the air therefrom. You ſee 
that the air which is between the ſhell and the 
{kin dilates, and ſwells the ſkin ſo much beyond the 
broken part, that the egg appears as if it were 
whole. You may vary this experiment by making a 
little hole at the ſmall end of an egg, then place 
it in this apparatus with the ſmall end downwards, 
and put the whole under a receiver with a ſmall 


jar to receive the contents of the egg. On work- 


ing the pump, the air within will dilate, ſo as to 
force the white and yolk put through the hole in 
the egg. If the jar be conical, and the egg be 
let down gradually, the white and yolk will be 
forced up again on the readmiſſion of air; or if 
theſe be thrown away, and water be ſubſtituted in 
their place, the inſide of the egg may be waſhed, 

and afterwards in the ſame manner Wed with 
N or any other fluid. 4 
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The next experiment will ſhew you how na- 


turally the air will force itfelf out by it's ſpring, 


from any veſſel in which it is contained, when the 
preſſure of the external air is taken away, This 
phial with a long neck is commonly called a Bolt. 
head, I put the neck into a tumbler of water, 
and both under a receiver on the pump, (fig. 18, 
pl. 1.) By diminiſhing the maſs of air within the 
receiver, I weaken proportionably the ſpring 
thereof, and conſequently it's preſſure upon the 
air within the bolt-head; this diſcharged of a 
part of it's weight, dilates and eſcapes from the 
bottle in the form of bubbles, which being lighter 
than water aſcend through it, and burſt upon it's 
ſurface : this will laſt till the power of expanſion 
is too weak to overcome the incumbent preſſure. 
Let us now ſee what will be the conſequence of 
readmitting the air into the pump, the external 
air being more denſe than that in the bottle, and 
yielding to this exceſs of preſſure, the water will 


enter the orifice, and meeting with little or no re- 


ſiſtance, will mount therein till the remaining 
maſs of air is reduced to the ſame denſity with the 
external air, The little bubble at the top of the 
bolt-head, is what remained after the exhauſtion, 
and is now condenſed into a ſmall ſpace. You ſee- 
how -ſmall a quantity of air remains when com- 
pared to the whole at firſt contained in the globe, 
or to the bulk of water now in it, which is equal 
to the quantity of air extracted. You may per- 
ceive by this experiment, that the ſpring of the 
air is equal to the weight, as it produces an equal 
effect; for while the ſpring of the air was leſs than 
the weight of the external air, the water kept riſin 
in the globe; but when the ſpring became equa 
to the external preſſure, the water was ſubject to 
both their influence, and finding it equal on either 
ſide, could no longer move. fx 


Now 


through the neck of the bottle, 
the bottom, and is fixed there by the ſcrew on the 
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Now let us again exhauſt the air from the re. 
ceiver ; I have no ſooner moved the handle than 
the water begins to deſcend, the bubble of air ex. 
pands, and forces the water gradually out of the 


bottle. Kr. 
By this time you may ſee, that unleſs the air 


as elaſtic, it could not be exhauſted out of a cloſe 


veſſel. If the veſſel was filled with water, and 
there was no orifice but where the pump was ſcrew. 


ed on, though a vacuum be made by drawing up 


the piſtoa, yet no water would riſe out of the veſſel 
into that vacuum; for the water is raiſed into a 


vacuum by the preſſure of the atmoſphere upon 


the other parts of the ſurface. But as the veſſel is 
cloſe, the external air cannot preſs upon it's ſurface, 
and no water will riſe into the vacuum, and none 


can be pumped out unleſs it firſt riſes in the barrel. 
But if the veſſel be filled with an elaſtic fluid, it 


does not want an external preſſure to raiſe it, 
hut will expand itſelf by it's own elaſticity, ſo that 


the ſame air, which firſt filled the veſſel, will after 
it is thus expanded fill both the veſſel and the 


ſpace in the barrel too. And whateverpart of the 


air riſes into the barrel of the pump upon the 


rawing up of the piſton, will be carried off by it's 


EEE — 


Fountains may be made to play on various 
Plans. I have already ſhewn you one by the preſ- 
ſure of the air; our next experiment will be on one 


ſet in action by the ſpring of the air. This bottle 


is about 2 thirds filled with water, the upper part 


= is occupied by the air, the top of the glaſs tube is 


furniſhed with a ſcrew and jet, the glaſs tube paſſes 
3 reaches nearly 


upper part, which ſcrews into the top of the bottle 


ſo as to render it air- tight, (g. 8, pl. 2.) Place 


this on the pump under a receiver, and after a few 
oo ne ſttokes 
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ſtrokes which have leſſenedthe external preſſure, you 
will give the air within an opportunity to ex- 
pand, and thereby to force the water out through 
the glaſs tube; which it does with ſo much force, 
as to form a very pleaſing jet d eau. 

Here is a ſmall Bacchus (fig. 2, pl. 2,) ſeated 
on a caſk with a tube proceeding from his mouth 
to the barrel ; this is filled with coloured water in 
the ſame manner as the ſmall fountain, ſo that on 
being put under a receiver when the air is exhauſ- 
ted, the liquor is thrown up into his mouth, and 
the roſy god ſeems to be at his uſual employment; 
while he is drinking his belly expands, -which is 
effected by a bladder, containing a ſmall quantity 
of air concealed under his ſhirt. 

The elaſticity or ſpring of the air produces 


the ſame effects that the preſſure produces, becauſe 4 


the ſpring is equal to the compreſſing force, which in 


ordinary caſes is equivalent to the preſſure of the 
air. This barometer tube is open at both ends, I 


ſhall ſcrew the braſs collar of the tube 1 into the 


neck of this bottle; you ſee that the lower end 


of the tube is beneath the ſurface of the quickfil- 
ver in the bottle, and that the air above the quick- 


ſilver cannot poſſibly eſcape, for it cannot get 


through the quickſilver into the tube, nor ' paſs 


through the joinings at the top of the phial which 


are made air-tight.” I place this apparatus on the 
pump, putting a receiver over it; at preſent the 
mercury is in a ſtate of tranquillity, as nothing 
acts upon it to occaſion an alteration in it's ſitua- 
tion. I exhauſt the air from the receiver and 
tube, and yoũ ſee that the fpring of the air con- 
tained in the bottle preſſes upon the mercury, and 
will force it up nearly as high as it was raifed by 
the preſſure of the air in the former experiment; 
for as ſoon as the counter- weight was taken off by 


ins the 100g exerted it's power. 
2. 5 Before 


wh Lectures on Skate Puilosopltv. 


Before you is a jar filled with water, in which 
are a few hollow glaſs images with a glaſs ball 
over their heads; this ball contains at preſent juſt 
ſo much water as to render the images ſpecifically 
heavier than water. I ſhall place them on the 
pump, under a receiver, (fg. 13, pl. 2,) and ex- 
hauſt the air, and you ſee that in proportion as 
this is rarified'the images riſe, the air included in 
the ball dilates, and forces out a part of the water, 
and the figure and it's balloon, now becoming 

| lighter than the water, aſcends; on letting in the 
air, the whole becomes ſpecifically heavier again, 
and deſcends to the bottom. 

In the foregoing experiment it was evident, 
that the ſpecific weight of the bodies was diminiſh- 
ed by the expanſion of the air: as this fact explains 

'fome common phenomena, and is applicable to a 
variety of circumſtances, I ſhall endeavour to 
render it more familiar to your minds by one or 
two experiments. This bladder, containing only a 
ſmall quantity of air, has a piece of lead affixed to 
it of ſufficient weight to fink the whole in the 
water. I put it in this jar of water, and place 
them on the pump, under a receiver; I exhauſt 
the air, the bladder expands, becomes a balloon 
lighter than the fluid in which it floats, and 
aſcends carrying the weight with it. This expe- 
riment will naturally call to your minds tlie air- 
balloons, which you have ſeen or heard of: you ſaw 
one in the preſent inſtance aſcend in water, as ſoon 
as it's bulk was rendered lighter than the ſame 
bulk of water; in the other caſe, the air-balloons 
are rendered lighter than the air in which they 
float, and conſequently aſcend till an equilibrium 
takes place. But theſe will make the ſubject of a 
future lecture. 

I have affixed juſt ſuch a weight of lead to this 
piece of cork, as will * it ſink in water. T put 
| * 
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it into the jar of water, and place the whole under a 
receiver on the pump, and exhauſt the air there- 
from; you ſee the air diſengaging itſelf from the 
cork, riſing up in the form of little bubbles which 
burſt on the ſurface of the water; but a part ofthe 
air cannot eſcape, the cork therefore increaſes ix 
bulk, becomes ſpecifically lighter than the water, 
and aſcends therein; on readmitting the air, it 
ſhrinks to it's former bulk, and defcends to the 
bottom of the ja. e For 
Timber dug out of bogs and other moiſt pla- 
ces, will ſeldom float in water, the particles of 
water having through time and other cauſes diſ- 
lodged the air from the vacuities of the wood; 
hence alſo it appears, that even wood is no other 
wiſe comparatively lighter than water, than from 
the quantity of pores therein filled with air. On 
the fame principle we account for the following 
appearances. If a man or any animal falls into the 
water, and is drowned, the carcaſe in a few days 
riſes and floats on the ſurface. The privation of 
life, the ſtagnation of the fluids, &c. is ſoon fol- 
lowed by a putrid fermentation, deſtroying and 
decompoſing the body. This fermentation diſen- 
gages a great quantity of air, that is diſſeminated 
among the fluid molecules, and as this air cannot 
eſcape, the body ſwells till it becomes ſpecifically 
lighter than the water, and riſes to it's ſurface, and 
ſwims thereon. The putrefaction going on, the 
parts give way, the air eſcapes, and the body ſinks. 


It often however happens, that in the progreſs of 


diſſolution, freſh air is generated, and the body ri- 


ſes and finks alternately according to theſe changes. 


The preſſure of the air is the firſt great ſource 
of it's effects; it's elaſticity is the ſecond; by this, 
when it has inſinuated itſelf into the pores of bo- 
dies, it keeps their particles in continual oſcilla- 
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of theair, and conſequently it's expanſion and elaſ- 


ticity, never remaining the ſame for the leaſt mo- 


ment of time, there muſt be an inceſſant con- 
traction and dilatation in all bodies. 
| This reciprocation may be obſerved in ſeveral 
inſtances, particularly in plants; for the contained 
air alternately expanding and contracting according 
to the increaſe or diminution of heat, alternately 
preſſes the veſſels, and eaſes them again, thus keep. 
ing up a perpetual motion in their juices. _ 
From the ſame cauſe the air contained in the 
bubbles of ice, by it's continual action burſts the 


ice; and for the ſame reaſon it acts as a principal 


cauſe in the en of mn and Purre- 
faction. 5 
| In a clear ſan-ſhiny day, you may often per- 
_ ceive all the objects of nature as if trembling be- 
fore your eyes; this is uſually aſcribed to the riſing 
of vapours; but a little obſervation will ſoon prove 
toyou, that it is owing to the alternate expanſion 
and contraction of the air. 

Air ſeems to act on the ſmooth furſace of the 
leaves, or the bark of the ſtem of plants. If there 
be not a continual ſupply of freſh air, the 
ftem runs out to a great length, is exceedingly 
ſmall and weak, the leaves endeavour to ſpread out 
to a great diſtance, no impregnation takes place in 
the flowers, the proper juices-are not formed, and 

the whole plant is deſtroyed. 

Many conjectures have been offered, and hy- 
potheſes framed, to account for the elaſticity of the 
air. Some have compared the air to watch-fprings or 


heops, which coiled up by preſſure reſtore them- 


ſelves again as ſoon as the preſſure is removed: 
others have reſembled them to flocks of wool: no- 
tions that are inadequate to the ſolution of the phe- 
nomenon, and probably without foundation. Theſe 
ſuppoſitions ſeem to ſhew an inattention to the ſub- 
Ts : | 
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Ject of inquiry, as the property of elaſticity ſeems: 


rather to lie in the peculiarity» of the matter than 


in the form. A piece of lead rolled up like a 
watch-ſpring, will acquire thereby no elaſtic 
power. It is probable, that this property is ow-- 
ing to ſomething elſe beſides the form or the ſnape 


of the particles. Others have attributed the elaſ- 


ticity of the air to a repulſive power in the parti- 
cles. This ſolution does not ſeem in the leaſt to 


remove the difficulty; it is ſaying no more, though, 


in other words, than that the particles ſeparate; 
the ſeparation or repulſion is the fact, the cauſe: 


is to be explored for the fact; that is, the expan- 
five or ſeparating. force is allowed by all. 


Juou were aſtoniſhed at the amazing elaſticity: 
fire gives to water, when you ſaw-the ſteam engine 
erected by Meſſrs. Watts and Bolton, at Mr. 
Whitbread's brewery ; the ſteam of boiling 


water is as elaſtic as air. The force of this ſteam 
may be increaſed to almoſt any degree in Papin's 


digeſter, the power is incredible, and without pro- 


per care would burſt the ſtrongeſt veſſel; it is 


evidently fire that renders ſteam elaſtic. There is 


no improbability, therefore, in ſuppoſing that it 


occaſions alſo the elaſticity of air. Perhaps we 


ſnall not be far diſtant from the truth, if we ſay 
with Boerhaave, that the active force in the air, 
which produces ſo many effects, does all ariſe from 
ibe n contatned nin il... 

Not to truſt to conjecture, let us have re- 
courſe to experiment. I take this bladder half fil- 


led with air and tied cloſely about the neck; Ihold 


it near the fire, and it immediately ſwells; the 
nearer J approach, and the longer I hold it there, 
the more the bladder expands; the elaſticity of 
the included air increaſing as the action of the 
fire increaſes. As a great degree of fire gives more 
elaſticity, and a ſmall degree leſs elaſticity to 

Vol. I. | F hs 
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the ſame quantity of air, his element ſeems to 
have the direction of this quality, and to be the 
phyſical cauſe of it at all ſeaſons. That fire iz 
the power by which the air is kept. in continual 
motion, is alſo evident from the thermometer of 
Drebellius. 3j 
One objection however has been made to this 
theory, which ſhould be obviated; the bladder will 
diſtend when a part of the ſurrounding air is with- 
drawn, in the ſame manner as if it were held be- 
fore the fire. If fire be the immediate cauſe of 
the repulſion, it has been aſked, Why does the 
repulſion increaſe, when the heat remains the 
ſame? The anſwer is plain and eaſy; there is the 
ſame heat in the receiver as in the circumambient 
air; this heat is ſufficient for the purpoſe, and 
muſt neceſſarily produce the effect when the preſ- 
fure of the air is taken offltl n 
As long as the receiver is full of air in the 
ſame ſtate with that in the bladder, there are two 
equal forces counteracting one another; there is 
the air in the bladder rendered elaſtic by the ſtand- 
ing degree of heat at that time in the atmoſphere, 
and there is air equally elaſtic preſſing with equal 
force on the outer ſurface of the bladder; ſo that 
while things remain in this ſtate, all will be at 
reſt. But the effect will be the fame, whether 
you add more heat to the inſide, or take away a! 
equivalent degree of reſiſtance from the outſide ; 3 
rarifaction m follow upon either of theſe 
changes, for to ſubtract the reſiſtance from the 
outſide of the bladder, is the ſame as to add 2 
greater force of expanding fire within fide. Many 
experiments in the courſe of this work will be found 
to ſtrengthen this opinion; and it does not ap- 
pear that there is a ſingle experiment to prove 
any elaſticity in the air independent of fire. 4 
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ye elaſtic power of the air is always equiva- 
lent to the force which'compreſſes it, for if it were 
leſs, it is clear it would yield and be more com- 
prefſed ; were it greater, it would not be ſo much 
reduced; for action and re- action are always equal. 
So that the elaſtic force of any ſmall portion of 


the air we breathe, is equivalent to the weight of 


the incumbent part of the atmoſphere; that weight 
being the force which confines it to the dimenſions 
it poſſeſſes. Hence the air is always a counter- 
ballance to itſelf, and naturally in equilibrio like 
other fluids. Air compteſſed by twice the weight 
of the atmoſphere, is reduced to half the ſpace it 
before occupied, by four times that weight to one 
quarter of the ſpace, and ſo on in a geometrical 
progreſſion, ſuppoſing the heat to be always the 
Ame. | 5 7 1 „ Tint. cnt ry3rprt 
To: illuſtrate theſe laws relating to the air's 
elaſticity, we ſhall take this bent tube, whoſe 
ſmaller leg is hermetically ſealed; (fig. 1, pl. 43) 
holding it with the curvature downwards, I pour 
a ſmall 3 of quickfilver into the tube, ſo as 
Juft to fill the horizontal part; in order to confine 
the air contained in the ſmaller leg. Now it muſt 
be evident to you, that in this caſe, the air in the 


ſmaller leg cannot be preſſed by any other weight 
than the common preſſure of the atmoſphere. I 
ſhall now pour more quickſilver into the longer 


leg, which will compreſs the air in the ſhorter one, 
and confine it to a ſmaller ſpac e. By pouring ad- 


ditional quickſilver into the longer leg, you will 


find that the ſpace into which the ſhorter one is 


reduced, is to the ſpace it occupied with the at- 


moſpheric preſſure, as the atmoſpheric preſſure 
to the ſame preſſure with the weight of the 


additional quickfilver. In other words, by 
increaſing the quantity of quiekſilver the con- 
denſation is increaſed, and it is found that the 


E 2 ' ſpace 
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ſpace into"which the air is condenſed by different 
weights is inverſely as thoſe weights ; or it's den- 
ſity is as the preſſure it bears. When we ſay that it is 
inverſely as the compreſſing force, we mean 
that the ſpace is diminiſhed in the ſame proportion 
in which the force is increaſed ; and thus a double 
force reduces the air into half the ſpace, a triple 
force reduces it into a third part of the ſpace it 
poſſeſſed before; ſo half the force permits the air 
to — itſelf into double the ſpace, and a third 
the force permits it to expand into a ſpace 

N ple of what it poſſeſſed before. | 
. After what has been faid, it ſeems almoſt 
needleſs to obſerve to you, that the more the air 
is compreſſed, the denſer and heavier it becomes: 
_ It being evident that a given quantity of air con- 
fined in half the ſpace it naturally occupies, muſt 
become twice as denſe, twice as heavy as it was 


before, and muſt offer a greater ee to the 
motion of the bodies. | 


Or Tux Hrichr or THE AruosphERE. 


Having proved to you, that the ſpring or elaſtic 
wer of the air is as the force which compreſſes it, 
and that the denſity is as the ſaid force, the ſpace it 
Poſſeſſes beingal ways reciprocal to that force; weare 
furniſhed with ſome data to make inquiry concerning 
the limits of the atmoſphere, and it's ſtate as to 
rarity at different elevations from the earth's ſur- 
face; ſubjects that have engaged the attention of 
mathematicians ever ſince the diſcovery of atmo- 
ſpheric preſſure; 7hey love to purſue a ſubject when 
Calculation is all that is neceſſary; calculations 
may ſometimes give information, they ſeldom con- 
fer wiſdom. | 
Theſe attempts commenced ſoon after it was 
diſcovered, by means of the torricellian' tube, 
that air is a gravitating ſubſtance.. Thus it alſo 


became known that a column of air, whoſe baſe 
: is 
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is a ſquare inch, and the height that of the whole 
atmoſphere, weighs 15 pounds; and that the weight 
of air is to that of mercury, as 1 to 10,800: whence 
it follows, that if the weight of the atmoſphere be 
ſufficient. to raiſe a column of mercury to the 
height of 30 inches, the height of the aerial co- 
lumn muſt be 10, 800 times as much, and conſe- | 
quently a little more than five miles high. 
It was not, howerm, at any time ſuppoſed, 
that this calculation could be juſt; for as the air 
is an elaſtic: fluid, the upper parts muſt expand to 
an immenſe bulk, and thus render the calculation 
above related exceedingly erroneous. By experi- 

ments made in different countries, it has been 
found, that the ſpaces which any portion of air 
takes up, are reciprocally proportional to the 
weight with which it is compreſſed. Allowances 
were therefore to be made in calculating the height 
of the atmoſphere. If we ſuppoſe the height of 
the whole divided into innumerable equal parts, 
the denſity of each of which is as it's quantity; 
and the weight of the whole incumbent atmoſphere 
being alſo as it's quantity; it is evident, that the 
weight of the incumbent air is every where as the 
quantity contained in the ſubjacent part; which 
makes a difference between the weights of each two 
contiguous parts of air. By a theorem in geometry, 
where the differences of magnitudes are geometri- 
cally proportional to the magnitudes themſelves, it 
appears that theſe magnitudes are in continual 
arithmetical proportion ; therefore, if, according 


to the ſuppoſition, the altitudes of the air, by the 


addition of new parts into which it is divided, do 
continually increaſe in arithmetical proportion, it's 

denſity will be diminiſhed, or (which is the ſame 
thing) it's gravity Acne in men n 
* e f. eee 
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It is now eaſy, from ſuch a ſeries, by r making 
two or three barometrical obſervations, and deter- 
mining the denſity of the atmoſphere at two or 
three different ſtations, to determine it's abſolute 
height, or it's rarity at any aſſignable height. 
Calculations accordingly were made upon this 
plan; but it having been found that the barome- 
trical obſeryations'byno means correſponded with 
the denſity which, by other experiments, the air 

ought to have had, it was ſuſpected that the upper 

arts of the atmoſpherical regions were not ſub- 
Jeck to the ſame laws with the lower ones. Phi- 
loſophers therefore had recourſe to another method 
for determining the altitude of the atmoſphere, 
viz. by a calculation of the height from which 
the light of the ſun is refracted, ſo as to become 
viſible to us before he himſelf is ſeen in the hea- 
vens. By this method it was determined, that at 
the height of 45 miles the atmoſphere had no 
power of refraction; and conſequently beyond that 
diſtance was either a mere vacuum, or the next 
thing to it, and not to be regarded. 
- "This theory ſoon became very generally re- 
ceived, and the height of the atmoſphere was 
ſpoken of as familiarly as the height of a mountain, 
and reckoned to be as well aſcertained, if not 
more ſo, than the heights of moſt mountains are, 
Very great objections, however, which have never 
yet been removed, ariſe from the appearances of 
ſome meteors, like large globes of fire, not un- 


frequently to be ſeen at vaſt heights above the 


earth. Avery remarkable one of this kind was ob- 
ſerved by Dr. Halley in the month of March 1719, 
whoſe altitude he computed to have been between 
69 and 737 Engliſn miles; it's diameter 2800 
yards, or upwards of a mile and a half; and it's 
velocity about 350 miles in a minute. Others ap- 
e of the lame Kind, but whoſe altitude and 

CY  yelocity 
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velocity were ſtill greater, have been obſerved : 

particularly that very remarkable one, Auguſt 18th 
1783, whoſe: diſtance from the earth could not be 
leſs than 90 miles, and it's diameter not leſs than 
the former; at the ſame time, that it's velocity 
was certainly not leſs than 1000 miles in a minute 
Fire- balls, in appearance ſimilar to theſe, tho? vaſt, 

inferior in fize, have been ſometimes obſerved at 
the ſurface of the earth. Of this kind, one was 
ſeen on board the Montague, 4th November 1749, 
which appeared as big as a large mill-ſtone; it 
broke with a violent exploſion. _ 

From analogical reaſoning, it ſeems very pro- 
bable that the meteors which appear at ſuch great 
heights in the air, are not eſſentially different from 
thoſe which, like the fire- ball juſt mentioned, are 
met with on the ſurface of the earth. The per- 
plexing circumſtances with regard to the former 
are, that at the great heights above-mentioned, 


the atmoſphere ought not to have any denſity ſuff- 


cient to fuppart flame, or to propagate ſoung ; yet 


' theſe meteors are commonly ſucceeded by one or 
more exploſions, nay are ſometimes ſaid to be ac- 


companied with a hiſſing noiſe as they paſs over 
our heads. The meteor of 1719 was not only very 
bright, inſomuch that for a ſhort ſpace it turned 
night into day, but was attended with an explo- 


ſion, heard over all the iſland of Britain, occaſion- 
ing a violent concuſſion in the atmoſphere, and 


ſeeming to ſhake the earth itſelf. That of 1783 
alſo, though much higher than the former, was 
ſugceeded by exploſions; and, according to the 
teſtimony of ſeveral pzople, a hiſſing noiſe was 


heard as it paſſed. Dr. Halley acknowledged, that 


he was unable to reconcile theſe circumſtances 


with the received theory of the height of the at- 


moſphere ; as, in the regions in which this meteor 
moved, the air ought to have been 300,000 times 
ES” 5 more 
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more rare chas what we breathe, and the next 
Nr to a perfect vacuum. 

In the meteor of 1783, the difmtulty i is ſtill 
greater, as it appears to have been 20 miles farther 
up in the air. Dr. Halley offers a conjecture, in- 
_ deed, that the vaſt magnitude of ſuch bodies 
might compenſate for the thinneſs of the medium 
in which they moved; whether or not this was 
the caſe, cannot indeed be aſcertained, as we have 
Jo few data to go upon; but the greateſt difficulty 
is to account for the brightneſs of the light. Ap- 
pearances of this kind are indeed with great pro- 
bability attributed to electricity, but the difficulty 
is not thus removed; though the electrical fire 
pervades with great caſe the vacuum of a common 
air-pump, yet it does not in that caſe appear in 
-bright well .defined ſparks as in the open air, but 
rather in long ſtreams reſembling the aurora. bo- 
realis. From ſome late experiments indeed, Mr. 
Morgan concludes that the electrical fluid cannot 
penetrate a perfect vacuum. If this be the caſe, 
it ſhews that the regions we ſpeak of are not ſuch 
-a perfe& vacuum as can be artificially made ; but 
whether they are or not, the extreme brightneſs of 
the light ſhews that a fluid was preſent in thoſe 
regions, capable of confining and condenſing the 
electric matter as much as the air does at the ſur- 
face of the ground; for the brightneſs of theſe 
meteors, conſidering their diſtance, cannot be 
ſuppoſed inferior to that of the 8e pd flaſhes of 
lightning. 

It appears therefore, that the abſolute height 
of the atmoſphere is not yet determined. The be- 
ginning and ending of twilight indeed ſhew, that 
the height at which the atmoſphere begins to 
refract the ſun's light, is about 44 or 45 Engliſh 
miles. But this may, not improbably, be only the 
ward to which the —_ vapours are her 
| It 
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For it cannot be thought any unreaſonable ſuppo- 
ſition, that light is refracted only by means of the 
aqueous vapour contained in the atmoſphere: and 
where this ceaſes, it is ſtill capable of ſupporting 
the electric fire at leaſt as bright and ſtrong as 
at the ſurface. That it does extend much higher, 
is evident from the meteors already mentioned: 
for all theſe are undoubtedly carried along with 
the atmoſphere; otherwiſe that of 1783, which 
Was ſeen for about a minute, muſt! have been left 
1000 miles to the weſtward, by the earth flying 
out below it in it's annual courſe round the ſun. 
I cannot leave this ſubject without laying be- 
fore you the following thoughts of Dr. Horſey, 
Biſbop of St. David's. That they are his, is ſuffi- 
cient to entitle them to attention, and you will 
find yourſelves highly rewarded by the maſculine 
and energetic ſtile, which ſo peculiarly characterize 
our worthy biſhop. ** I knownot,” ſays he, . for what 
reaſon - mathematicians have been afraid to ad- 
mit the infinitude of the atmoſphere of the earth; 
whether they thought it would bear hard upon the 
"Newtonian doctrine of a void, or that it implied 
the infinitude of matter. But neither the one nor 
the other of theſe conſequences is to be appre- 
hended]; for neither the phenomena of nature, nor 
the principles of the Newtonian philoſophy, re- 


quire that there ſhould be any where a great chaſm 


in the univerſe, or that the whole material world 
ſhould be actually circumſcribed by any finite 
ſpace. A large portion of pore or interſperſed 
vacuity is ſufficient for all purpoſes. Nor does an 
abſolute infinity of matter follow from the hypo- 
_ theſis of an infinite number of finite maſles, and 
an infinite number of finite maſſes is all that is 
implied in the notion of a rare elaſtic fluid, diffuſed 
through infinite ſpace. There are indeed no data 
from which any great altitudes of the atmoſphere 
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can be indubitably concluded in the way of ex. 
periment ; but I do contend, that there are no 
data, from which the ſuppoſition of it's infinite 
height can, in the ſame way, be diſproved ; and 
this may juſtly be held more probable than the 
contrary, as being the conſequence of a theory, 
which has never yet in any inſtance proved: falls. 
cious.?? | 
If the atmaſphere of the earth reaches to in- 
finite heights with a finite denſity; thoſe of Ju- 
piter, and every other planet, will reach alſo to 
Infinite heights above the ſurface of the planet 
with a finite denfity. The atmoſphere of every 
planet will therefore reach to the ſurface of every - 
ather planet, and to the furface of the fun, and 
the atmoſphere of the ſun to the ſurfaces of them 
all. All theſe atmoſpheres will mingle, and form 
a common atmoſphere of the whole fyſtem. This 
common atmoſphere of the ſyſtem will be in- 
Anitely diffuſed, fince the particular atmoſj —— 
that compoſe it are ſo. It will reach theref 
war fixed ſtar; and for the ſame reaſon that of 

every fixed ſtar will reach the central body of our 

ſyſtem, and of every other ſyſtem; the atmoſphere 
of all the ſyſtems will mix; the univerſe will 
have one common atmoſphere, a ſubtle elaſtic 
fluid which pervades infinite ſpace; and being 
condenſed near the ſurface of every larger maſs of 
matter, by the gravitation towards that mm _— 
it's peculiar atmoſphere,” 


ON HYPOTHESES. 


In the hiſtorical part of the preceding EY 
there are ſome facts, which if properly attended 
ro, will be of great uſe to you. You have ſeen 
how long bare conjecture was ſuffered to ſtand in 
the place of knowledge, and with what tena- 
cioufneſs 1 Ut was 5 £0. - Conjecture may lead 

You 
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you to form” opinions, but it cannot produce 
knowledge. Natural philoſophy muſt be built 
upon the phenomena of nature diſcovered by ob- 
ſervation and experiment. 

Conjectures in philoſophy are termed hypo 
theſes or theories; and the invention of an hy 
theſis founded on ſome flight probability, which 
accounts for many appearances in nature, has too 
often been conſidered as the higheſt attainment of 
a philoſopher. If the hopotheſis hangs well to- 
gether, is embelliſned with a lively imagination, 
and ſerves to account for common appearances: 
it is conſidered by many, as having all the quali- 
ties that ſnould recommend it to our belief, and 
all that ought to be rene in a r vena | 
ſyſtem.” | 

Men of genius are ſo prone to invent hy 
theſes, and others to acquieſce in them as the ut= 
moſt the human faculties can attain unto in philo- 
ſophy, that it is of the greateſt conſequence to the 
progreſs of real knowledge, that you ſhould have 
a clear and diſtinct underſtanding of the nature of 
hypotheſes in philoſophy, and of _ regard _ | 
is due to them. 

Although ſome conjectures may have a con- 
fiderable Shes of probability, it is evidently in 
the nature of conjecture to be uncertain. In every 
caſe, the afſent ought to be proportioned to the 
evidence; for to believe firmly, what has but a 
Tmall degree of probability, is a manifeſt abuſe of 
our underſtanding. Now though we may, in many 
caſes, form very probable conjectures concerning 
the works of men, every conjecture we. can form 
with regard to the works of God, has as little 
probability as the conjectures of a child with re- 
gard to the works of a man. 

The wiſdom of God exceeds that of the 
viſeſt man, more _— his wiſdom exceeds child. | 
| a chi 
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2 child. If the child were to conjecture, how an 
army is to be formed in the day of battle, how a 
city is to be fortified, or a ſtate governed; what 
chance has he to gueſs right? The wiſeſt man has 
as little chance when he pretends to conjecture 
how the planets move in their courſe, how the ſea 
ebbs and flows, and how our minds act upon our bodies. 
If a. thouſand of the greateſt wits that ever 
the world produced, were, without any previous 
knowledge of anatomy, to fit down and contrive 
how, and by what internal organs the various 
functions of the human body are carried on; how 
the blood is made to circulate, and the limbs to 
move; they would not in a thouſand years hit upon 
any thing like the trutn. 

| Of all the 8 that have * made 
Concerning the inward ſtructure of the human bo 
dy, never one was made by conjecture. Accurate 
obſervations of anatomiſts have brought to light 
innumerable artifices in the contrivance of this 
wonderful machine, which we cannot but admire 
as excellently well adapted to their ſeveral pur- 
poſes. But the moſt ſagacious phyſiologiſt never 
dreamed of them till they were diſcovered. On 
the other hand, innumerable conjectures formed in 
different ages with regard to the ſtructure of the 
body, have been confuted by obſervation, and 
none ever confirmed. 

What we have ſaid of the internal ſtructure 
of the human body, may be ſaid with juſtice of 
every other part of the work of God, wherein any 
real diſcovery has been made; ſuch diſcoveries 
have been always made by patient obſervation, by 
accurate experiments, or by concluſions drawn by 
ſtrict reaſoning from obſervation and experiments, 
and ſuch experiments have always tended to 
refute, but not to confirm the theories which 


We men had invented. If we look back e 
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the ſtate. of philoſophy, in the different ages, 
we ſhall learn from the hiſtory of every period, 
that as far as philoſophers conſulted nature and 
roceeded on obſervation, they made ſome pros 
greſs in truth, but as far as they pretended to carry 


on their ſchemes without it, they only multiplied 
diſputes. DES If) AVIS Op” 


The fineſt orathuctions 1 art are immenſe- 
ly ſnort of the meaneſt works of nature. The niceſt 
artiſt cannot make a feather or the leaf of a tree: 
human workmanſhip will never bear a compariſon 
with the divine. Conjectures and hypotheſes are 


the inventions and the works of men, and muſt 
bear proportion to the capacity and ſkill of the in- 


ventor, and will therefore be always very unlike to 


the works of God, which it is the buſineſs of Fe | 


ſophy to diſcover. 
The firſt rule of obiloſophifing ai bw by 
the great Newton, is this, No more cauſes, nor any 


other cauſes of natural effects, ought to be admitted; 


but ſuch as are both true and are ſufficient for explain- 
ing their appearances. This is a golden rule, it is 
the true and proper teſt by which what is ſound and 
ſolid in philoſophy is to be diſtinguiſhed from what 
Is hollow and vain. 

If, therefore, a philoſopher pretends to ſhew you 
the cauſe of any natural effect, whether relating to 
matter or to mind; you are firſt to confider whe- 
ther there be ſufficient evidence that the cauſe he 
aſſigns, does really exiſt. If there is not, reject it 


with diſdain as a fiction which ought to have no 


place in genuine philoſophy. If the cauſe aſſigned 
really exiſts, conſider in the next place, whether 
the effect it is brought to explain, neceſſarily fol- 


low from it. Unleſs it has theſe two S e 


it is good for nothing. 
By obſerving this rule, you will not bei in dan 
ger of employing mere conjecture, nor ſatisfying 


yourſelves with we illuſive dreams of imagination, 
inſtead | 
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inſtead of the real ſtate of things: You have ſeen 
| alſo in theſe lectures the force of prejudice on the 
\  - mind. Had Bacon, Galileo, Torricellius, or Boyle, 
given way to the objections thrown in their way, or 
contented themſelves with the conjectures of their 
anceſtors, we ſhould have never reaped the benefit 
of their diſcoveries; diſcoveries that do honour to 
human nature, and will make their names immortal.“ 
Truth in it's omniſcient fountain is unziver/al, 
immediate, equal, and infallible. The ray with 
which man is bleſſed, is, from the inferiority 
and infirmity of his nature, partial, progreſſive, 
various, though immutable : this ray is obſtructed 
by paſſions, prejudices, habits and vices, cauſes of 
error. Truth, though deſtined to be the guide of 
man, is not beſtowed with an unconditional pro- 
fuſion ; but is hidden in darkneſs, and involved in 
difficulties; intended, like all the other gifts of hea- 
ven, to be ſought and cultivated by all the differ- 
ent powers and exertions of human reaſon. 
Let the maxim of the once celebrated Thomas 
Aquinas be often before you, cave ab illo qui uni- 
cum librum legit ; ſuſpect the knowledge of thoſc 
who dare not venture abroad in queſt of truth, but 
under the authority of ſome great name : ſuch, how- 
ever, is human weakneſs, that you will often find 
thoſe who will condemn this . practice as abſurd, 
when applied to the prejudices that once reigned in 
favour of Ariſtotle or Deſcartes, offended when it is 
brought home to themſelves, and when it is ſhewn 
that even in this age, authority has undue weight and 
influence. I hope, that you will be dazzled by no 
authority, nor ſuffer any popular prejudice to mis- 
lead you, but that you will always be governed and 
guided by the importance of the matter, the per- 
ſpicuity of the facts, the juſtneſs of the inferences, 
and the ſtrength of the arguments propoſed to you. 
» Reid on the Intellectual and Active Powers of the Mind. 
+ Tatham's Chart, and Scale of Tru. The 
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The loweſtkind of evidence that can be iind in 


S of any doctrine or tenet, is the opinion of 


reat and celebrated men. This eridence is of 
ſmall authority, becaufe the prejudices of different 
men, concerning things and perſons, of whoſe me- 
rit they are incompetent to judge, is very different. 
But whatever authority the tenets of any philoſo- 
pher, or ſet of philoſophers, have, or ever had in 
the minds of other men; they derive that autho- 
rity only from a ſuppoſed 3 with truth, rea- 
ſon, and nature. | 
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LECTURE itt, 50 


I. che eG lectures, I raved to you that 


the ſubtle and inviſible element of air is by no 


means exempted from the univerſal law of gravi- 


tation, and that it's weight is the cauſe of many 
phenomena. I have from this principle clearly 
and naturally accounted for ſeveral appearances that 
could not be explained upon any other. I have 
ſhewn to you the nature of that uſeful inſtrument 
the air-pump, and the principles of the celebrated 
experiment of Torricellius. You have ſeen that 
the air is endued with a conſiderable elaſtic. power 

by which it perpetually endeavours to expand itſelf 


Into larger dimenſions, and to remove the obſtacles 


by which it is confined within certain bounds, and 
that it exerts this power more forcibly as it is more 
cloſely crowded together, the force it employs. to 
gain it's liberty being always proportionable to it's 
coarctation or denſity. From what you have al- 
ready ſeen and heard, you begin no doubt to per- 
ceive the nature and deſign of natural philoſophy, 
that it is intended to deſcribe the principal pheno- 

2 mena 
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mena of nature, to explain their cauſes, and trace 


out the relation of the phenomena to, and their 
dependence on thoſe cauſes. But it is ſubſervient 
to purpoſes of an higher kind, and will lead you to 
a knowledge of the author and governor of the 
univerſe, proving to you the beauty, goodneſs, and 


equity of. his adminiſtration, by ſhewing you that 


univerſal good is the end or final cauſe of the Whole 


creation, diffuſing. itſelf every where continually 


into all things, in proportion to their ſeveral ca- 


pacities of receiving and participating in it. It 
will teach you at the ſame time that the ſeveral 


operations in nature are carried on by means inde- 


pendent of all human counſel or direction, uncon- 

troulable by any human power or authority, and 
far tranſcending all human abilities to plan, to 
manage, or to' execute. You will diſcover ſome of 
thoſe laws by which the SoverREIGN LEGISLATOR 
governs the corporeal univerſe, and by which he 
maintains it in undiminiſhed vigour, and unde- 
caying beauty, through all ages, for the good of all 
beings capable of enjoying any ſhare in the mani- 
fold and various goods with which it abounds. 

With ſuch proſpects before you I inſure my- 
ſelf the moſt unremitted attention, and that you 
will not ſuffer yourſelves to be diſcouraged by any 
apparent difficulties, but follow me with pleaſure 
while I am endeavouring to trace the operations of 
nature through all their multiplied proceſſes. 

It has been a queſtion among philoſophers, 
whether the elaſtic power of the air is capable of 
being deſtroyed or diminiſhed: there is reaſon, 
however, to think that it's elaſticity may be con- 
ſidered as nearly perfect, becauſe a maſs of air that 
has been compreſſed by any given force re-eſta- 
bliſhes itſelf as ſoon as that forces ceaſes to act, and 
that completely regaining the ſame bulk it had 
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| ments which prove that this elaſticity is not changed, ö 


either by the force or duration of the compreſſion; 


for with whatever force it be compreſſed, or how- - 


ever long it may be kept in a ſtate of compreſſion, 
it loſes nothing of it's original force. Meſſrs. 
Boyle and Deſaguliers made arp experiments in 
order to diſcover how long the air would retain it's 
ſpring, without beihg able to obſerve any ſenſible 
diminution. M. Roberval incloſed air in a wind- 

n, and preſerved it therein for 16 years; when he 
Funds that it's expanſive force was the ſame as if 
it had been recently compreſſed. It muſt however 
be obſerved, that there are other experiments 
which ſhew, that in certain caſes the elaſticity of the 
air may be injured, and that it may alſo be vitiated 
by admixture with ſome peculiar ſubſtances. 


Or THe RARTTACTIoN or THE AIR. 


Heat applied to a maſs of air produces two 
effects: if the air is ſo ſituated as to have room to 
expand, it rarifies it, or makes it occupy more 
ſpace; if it be incloſed and has not room to 
expand; heat increaſes it's elaſticity, and that ſo 
much the more as the preſſure is greater. To ſhew 
you that heat makes the ſame quantity of air occupy 
a larger ſpace, I take this glaſs tube, which 1s 
ſealed at one end, and nearly of an equal diameter 
throughout; I plunge the ſealed end into boiling 
water, and keep it there till it has attained as much 
heat as the boiling water can communicate to it; 
I now take it from thence, and inſert the open end 
into qufckſilver, which I have previoufly warmed 
that it may not break the glaſs; you obſerve that I 
hold the tube nearly in- an horizontal pofition, and 
that the mercury riſes in the tube in that proportion 


as it and the air within it cools: when it is per- 
fectly cooled (to the freezing point) you will find 
one third of the glaſs tube filled with quickſilver, 
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and two thirds with air. If I ſhould again transfer 
it to the veſſel of boiling water, the heat thereof 
would again expand the air, and make it occupy 
the whole length of the tube. From this experi- 
ment you will deduce the following inferences: 
1. That heat augments the volume of air. 2. That 
a quantity of air compreſſed by the weight of the 
. atmoſphere, and condenſed by the cold of ice, is to 
the volume of the ſame air rarified by the heat of 
boiling water as 2 to 3. i 5 
In repeating theſe experiments, you may 
find ſome variations, for the reſult will differ with 
the preſſure of the atmoſphere, which you know is 
continually varying, but humid air will occaſion 
ſtill greater deviations. The effect of a ſmall 
quantity of moiſture may be proved by a very ſim- 
ple experiment, that you may repeat when diſtant 
from any philoſophical apparatus. I tcok an empty 
glaſs phial that I had carefully. dried within fide, 
and inverted it in this water when it was boiling, 
and it has remained there till the air and water are 
perfectly cool, and you ſee that the phial is now 
filled about one-third with water, ſhewing that 
ſo much of the air was expelled by the heat, and 
conſequently that the air was expanded in that 
proportion. But by the addition of a ſmall quantity 
of water to wet the inſide of the phial, the air 
will be. totally expelled, and make ſo perfect a 
vacuum, that when all is cool the phial will be en- 
tirely filled with water. BY en 
Neat increaſes the. elaſticity of the air, in pro- 
portion to the incumbent preſſure, if the ex- 
panſion thereof be prevented. Take a glaſs tube 


between four and five feet in length, and about 


one-tenth of an inch in diameter, bent at bottom, 
and terminating in a thin glaſs globe five inches 
diameter, filled with common air; pour as much 
rather more than fill 


mercury into the tube as wil 
5 ; the 
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the curved part thereof; and when the tube is ver- 
tical the mercury will be of an equal height in 
each branch of the tube: now it is plain that this 
could not be the caſe unleſs there was an equal 
preſſure on each end of the mercury, the denſity 
of the air within the ball being a counterballance 
to the preſſure of the atmoſphere. Let us ſuppoſe 
this preſſure to be equal to a column of mercury 
of 28 inches; on plunging the ball into boiling 
water, the mercury will riſe about 9 inches above 

the level in the longer arm, which is one-third-of . 
28 inches. When the whole is cool, pour into the 
tube as much mercury as will form a column of 
28 inches above the level; conſequently the air in 
the ball now ſuſtains a double atmoſphere : plunge 
it again in boiling water, and the mercury will be 
raiſed 18 4 inches above the point it was at before 
the immerſion: now 18+; is the third of 56 inches, 
the preſſure ſuſtained by the air in the ball; ſo 
that this air then counterballances a weight equal 
to a column of mercury 742 in height: namely, 
the weight of the atmoſphere, 28 inches of mer- 
cury, and 1822 inches, to which this was raiſed. It 
is evident therefore, from this experiment, 1ſt, That 
heat increaſes the elaſtic force of the air in pro- 
portion to the incumbent preſſure. 2d, That the 
heat of boiling water increaſes the. elaſtic power 
of the air one-third of the incumbent preſſure. 
In the fame manner you will find that the elaſticity 
of the air is weakened, and that it contracts into 
leſs ſpace by immerſion in cold or freezing mix- 
tures. | | | 
It is plain from what has been ſaid, that the 
ſame degree of heat will expand air more in pro- 
1 as the compreſſing force is removed. 

hen a flaccid bladder is placed under the re- 

ceiver of an air- pump, and the compreſſing force 
is withdrawn by exhauſtion, the air included in the 
458 Fx. bladder 
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bladder expands and ſtretches it, in the ſame man- 
ner it would do, if the bladder were. expoſed to 
the heat of a fire. Hence you may perceive why 


the vacuum of an air- pump produces ſo many of 


the ſame effects. with actual fire. 

It is neceffary to obſerve to you one or two 
circumſtances concerning the experiment with the 
bent tube and the ball, as they occaſion ſome dif. 
ference in the reſults. 1. As the mercury which 
riſes in the longer leg of the tube diminiſhes the 
quantity in the ſhorter tube, it leaves the air more 
room to expand. 2. Becauſe the bulk or fize of 
the ball is increaſed by the heat of boiling water, 
which gives the air contained therein, more room 
alſo to expand, and thus leſſens the denſity thereof, 


and prevents the elaſtic force being ſo much aug- 


mented as it would otherwiſe have been by the 


heat of the water. Theſe circumſtances are men- 


tioned to you, to fhew you with what care and 
caution every philoſophical inquiry ſhould be pur- 


ſued, and that the moſt minute circumſtances are 


to be attended to; even the irregularities obſerved 
in making any experiment ſhould be communi- 


cated, that others may know what has happened, 


and what they may expect to meet with in the 
courſe of their future inquiries. Improvements 


of every kind advance by flow degrees; and it is 
not until things have been viewed in every poſſible 


light, that error can be diſcovered, the point in 
queſtion clearly aſcertained, and the branches of 


Philoſophy depending on the experiments you are 


making, be. brought nearer to perfection. 
I ſhall now proceed to apply the experiments 


you have ſeen, that you may perceive their uſe to 


mankind ; and though ſome of them may have ap- 
peared to you of little importance, I hope ſoon to 


convince you, that even in the common avocations 
of life, you will often have occaſion to refer to the 


conſequences 
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conſequences naturally ariſing from them. Ir 
is an excellent remark of an able writer, © That 
« things remote from common obſervation are at 
« firſt indiſtinctly ſeen, like the diſtant objects in 
« a proſpect. - We are in doubt whether they are 
« hills or clouds which appear in the ſkirts of the 
“ horizon; but when we draw near to them, we 
* find they are no vapours, but firm land fit for 
c culture and inhabitation.”” | 

That admirable property of the air, whereby 
it expands with heat, and contracts with cold, is 
one of the principal cauſes of winds. When the 
air in any place 1s rarified, the ſurrounding air, 
which is more denſe, ruſhes in to ſupply the va- 
cuity. Air in any one place being heated becomes 
lighter, and aſcends; the ſurrounding air, being 
heavier and colder, ſupplies it's place. The air 
of any place being therefore heated, and rarified 
by the ſun's rays or any other cauſe, the air of a 


_ colder region will preſs into that place, with a de- 
gree of violence equal to the rarifaction. On the 


other hand, if from any cauſe it becomes colder, 
it contracts into a ſmaller ſpace, and the warmer 
circumjacent air ruſhes into the place, to keep up 
the equilibrium of nature. ; | 
Of the cauſes and nature of winds I ſhall 
treat more largely in a future lecture. To render 
the circulation of air evident, I ſhall mention an 
eaſy experiment which you may make on the firſt 
convenient opportunity. Let the air of a room be 
heated by a good fire, while the air of a contiguous 
room 1s cold ; then let the door between the two 
rooms be opened, and the cold air being heavieſt, 
will come into the heated room by the lower part 


of the door-way ; the heated air will go out into 
the cold room by the upper part of the door-way : 


the direction of theſe currents of air may be ſeen 


by the direction of the flame of a candle, which 
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will be driven inwards or towards the heated room, 
if held near the bottom of the door-way ; out- 
warde, if held near the top; whilſt in the middle, 
there is little or no motion, the flame remaining 
perpendicular. This experiment further proves 
the rarifaction of air by heat, but it ſhews alſo, 
that it is the property of rarified air to aſcend. 

If a room with a fire in it be perfectly cloſed 
except the chimney, the air therein would ſoon be 
rendered unfit for reſpiration, and the fire itſelf 
would foon be extinguiſhed. Hence it appears 
how improper it is, to keep the room of thoſe who 
are unwell or convaleſcent, too cloſe. The luxury 
and effeminacy of this age is ſtudious to ſtop 
up every crack, and exclude, as much as may be, 
every breath of air; wrongly conſulting preſent 
indulgence, at the expence of future eaſe and com- 
fort. Children and young people are the moſt 
ſuſceptible of the ill effect of a cloſe air, and ſhew 
it by turning ſick, and complaining of the head- 
ach; and they who by practice feel leſs preſent 
inconvenience, are ſlowly loſing their complexions 
and deſtroying their conſtitutions, which are never 
more invigorated | than by the coldneſs and purity 
of the morning air. It is a common obſervation, 
and a true one, that the body is ſtrongeſt and the 
ſpirits moſt active, in ſharp froſty weather, when 
fire burns the brighteſt ; therefore if you are wiſe, 
you will be forward to expoſe yourſelves to the 
freſhneſs of a cool air, that you may have the uſe 
and enjoyment of your faculties, while others are 
deſtroying the powers of life by the debilitating 
| ſleep of the morning hours, and the fickly warmth 
of a cloſe apartment. 

Many people imagine, that fire will purify 
contaminated air, by deſtroying the noxious par- 
ticles that are mixed with it, and thus. render it 
fitter for reſpiration : this however 1 is not true, for 

| fire, 


NATURE AND PROPERTIES or AIR. 71 


fire, and combuſtion in general, is ſo far from pu- 
rifying air, that it actually contaminates a pro- 
digious quantity; ſo that even a lighted candle 
kept in a cloſe room, to which the external air has 
not free acceſs, renders the air of that room ex- 
tremely noxious. - But a fire kept up in a room or 
apartment where the air is tainted, as in hoſpitals, 
- &c. will purify the apartment, by promoting a 
circulation of freſh air, to expel that which is in- 
fected: - + | | 
Or Smoky CHIMNIES. 


Among the various inconveniences of life, 
there are few more troubleſome than being obliged 
to dwell in a ſmoky houſe. Smoke is a -vapour 
offenſive to the ſenſes, and prejudicial to the health: 
it deſtroys all domeſtic enjoyment, ſoon tarniſhing 
the moſt beautiful decorations of a room, and 
ſpoiling the furniture. Numerous have been the 
contrivances, and immenſe the ſums of money ex- 
pended, to ſecure the enjoyment of a fire, without 
the annoyance of ſmoke. Men of the firſt abili- 
ties have not thought this ſubject unworthy of 
their attention; and among thoſe who have en- 
deavoured to remove the evils attending a ſmoky 
chimney, you will find the names of Deſcartes, 
Deſaguliers, Anderſon,* and Franklin. 

The author of a paper in the Plain Dealer, 
aſſerts, that of the various perverſions of abilities, 
there is none that makes a human being more ri- 
diculous, or more dangerous in it's conſequences, 
than that of attempting to ir a fire without judg- 
ment; to prevent which he lays down the fol- 
lowing rules: 1. Stirring of a fire is of uſe, becauſe 
it makes a hollow where the air being rarified 
by the adjacent heat, the ſurrounding air ruſnes 

. Wb + + into 
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into this vacuum, and gives life to the fire, and 
carries the flame with it. 2. Never ſtir a fire 
when freſh coals are laid on, particularly when 
they are very ſmall, becaufe they immediately fall 
into the vacuum, and therefore ruin the fire. 3. 
Always keep the bottom bar clear. 4. Never 
begin to ſtir at top, unleſs when the bottom is 
quite clear, and the top only wants breaking. 

You have already ſeen, that air has a conſtant 


tendency to preſerve an equilibrium ; ſo that if 


the weight of it be diminiſhed in one place, the 
heavier air ruſnes in from all ſides, till the equili- 
brium be again reſtored. I have ſhewn you, that 


heat will diſturb this equilibrium very conſider- 


ably, that it expands the air, and makes the ſame 
quantity occupy a much larger ſpace, and thus 
renders it much lighter. When a fire is kindled 
in a room, it heats and rarifies the air contiguous 
to it, which becomes conſequently lighter than the 
ſurrounding air, and therefore aſcends into the at- 


moſphere, till it finds or meets with air of the 


fame gravity with itſelf, and the air in the room 
which is lower and more denſe, ruſhes in to ſupply 
it's place, and being there heated and rarified, it 
aſcends in the ſame manner, carrying with it the 
ſmoke ariſing from the coals or wood: the fire is 
fed and' preſerved by this conſtant draught and 


7 
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circulation of air, Rs, 

| By this current of air, the machine called a 
ſmoke=jack is put in action. It conſiſts of a cir- 
cular ſet of vanes diſpoſed obliquely to the courſe 
of the air, like the fails of a good windmill : 
theſe are fixed into a vertical ſhaft and ſpindle 
that communicate with ſome wheel-work:; theſe 
vanes are turned round with great velocity, when 
the fire burns briſkly, the ſtream of air preſſing 
fucceſhvely on the vanes, as a ſtream of water on 
the floats of a water-wheel. This may be illuſ- 
* : A 5 24 N > | trated 


e © ©» & 


3 pods OY — . 


—_— 


— mw AA, ag . . oh =: eds grep do %Y }%8Þ0Þ ft 


„ „„ ow: Wi = 


MP. m- 2 0. 


2 


—— Fs x FF 


bs, at and ͤ INES. ER cat eons a ER 1. Ho 9 re « 9 


 NaTuRE AND PROPERTIES or Alx. 73 


trated by an entertaining experiment : here is a 
paper lanthorn adorned with figures, and fixed to 


a light circular frame of ten vanes, each of them 
about four or five inches long, and about one and 


an half broad. The center of theſe is hung on a 


fine upright pivot. I put a lighted candle under 


the vanes ; in a little time the air heated by the 
candle will riſe, and by it's ſucceſſive ſtrokes againſt 
the vane, make the lanthorn revolve with conſi- 
derable velocity. | ; 
Ihis circulation is evident to every one, and 
you muſt all know how much fire is quickened and 
increaſed by a blaſt of air. It is an eſtabliſhed law 
of nature, that as ſoon as a fire begins to ſpread 
itſelf, a ſtream of air ruſhes in from all ſides to 
ſupport it ; and the larger the fire, the ſharper is 
the indraught of the air, which ſupplies the fire 
with freſh life and vigour : between the two a 
double motion is maintained of fire outwards and 
air inwards ; that the matter of fire goes outwards 
is evident, 1ſt, from the ſhadow which any opake 
body caſts behind it, by intercepting this matter 
in it's courſe ; 2dly, from the heat propagated 
through the air, and which, at a conſiderable dil- 
tance from the fire itſelf, will act as fire, and in- 
flame bodies when it is reflected from a concave 
ſpeculum. The current of air inwards you will 
perceive by holding a filk handkerchief, or any 
other light body near the fire, as well as by the 
ruſhing of the air through all the joints and aper- 
tures of the doors and windows of a room heated 
by a fire. 8 „ Wl i | 
If you place any burning matter under a re- 
ceiver not exhauſted of it's air, the ſmoke will 
riſe up perpendicularly and with conſiderable ve- 
locity; but when the air is exhauſted, the ſmoke 
will either ſink down, or hover as an atmoſphere 
about the ignited body ; proving that the {moke 
ad e 0 
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does not ifoond; from any innate quality; but is im. 
pelled or forced up by a denſe and active fluid. 
l high chimney is ſaid to-draw beſt, and to you 
the reaſon will be evident, for the higher the chim- 
ney, the greater is the difference between the co. 
lumn of heated air within the chimney, and a co- 
lIumn of the ſame diameter and altitude without. 
For the air continues warm and highly rari fied till 
it intermixes with the common air at the top of 
the chimney, and is conſequently throughout it's 
Whole length lighter than the ſame bulk of com. 
mon air; it is clear, therefore, that the longer 
theſe two columns of unequal gravity are, the 
: greater will be their difference in their weight, 
the air will aſcend with greater celerity, and the 
chimney will act better. 
-:: "There is another material circumſtance to- 
wards promoting a good draught in the chimney, 
making the air that is forced through paſs as near 
the fire as Poſſible. It is the heated and rarified 
Nate of the air which cauſes it's aſcenſion; the 
more air is heated, the greater will be the force 
and velocity with which it aſcends; and air will 
be more heated, the nearer it approaches the fire 
when it enters the chimney : in other words, the 
lower the mantle of the chimney is, the more rea- 
dily will the ſmoke aſcend, being more rarified, 
vo. moving with great velocity. 

But freſh air muſt be admitted into the apart- 
| ment in ſufficient quantity to ſupply what is thus car- 
ried away, and conſumed by the fire, otherwiſe the 
air in the room would be ſoon exhauſted, and light- 
er than the external air at the top of the chimney, 
and the ſmoke would therefore be ſoon diſperſed in 
the Toom ; thus from the conſideration of the ac- 
tion of the air and fire, weare naturally led to treat 
of the cauſes of ſmoky chimnies ; and I perſuade 


n, that you will be enabled yourſelves, 1 
| kli 
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he principles already laid down, when the cauſe 
Wis ſhewn you, to point out the remedy. IN] 

The general cauſe gf ſmoky chimnies in a new 
houſe is the want of air. The workmanſhip of the 
rooms being all good, the joints of the boards of 


co- the floors all tight and true; the doors and ſaſhes 
ut. being alſo worked with truth, and ſhutting with 
till Nexactneſs, there is no paſſage left for the air to en- 
of ¶ ter except by the key-hole, and that is often ſtop- 


ped by a dropping ſnutter. Now it muſt be plain 


to you, that in this caſe there can be no circulation 


ger of air, to ſupport the place of that which is rari- 
the Ned by the fire; and conſequently that there can 
ht, be no current to prevent the ſmoke coming into 
the the room. Ee, 8 a 


To ſtop every crevice in a room, and yet ſup- 
poſe that a chimney can carry up the ſmoke, is to 
require inconſiſtencies, and expect impoſſibilities; 
yet often on this account alone, has the owner of 
a new houſe been ſeen in deſpair, and ready to ſell 
it for much leſs than it coſt; and, often alſo much 
expence has been laid out to effect a cure to little 
purpoſe, as thoſe who were employed were igno- 
nannt of the principles on which the cure muſt be 
hc founded. 8 e A 
2 You will eafily aſcertain whether this be the 
d, cauſe of the chimney's ſmoking ; for if the opening 
a door or a window enables the chimney to carry up 


1 all the ſmoke, it is clear that want of air from 
N without is the cauſe of it's ſmoking. | 
0 


Your mind has already ſuggeſted to you, that 
i the only poſſible means of remedying this evil, muſt 
„be by a continual ſupply of freſh air, and we have 
In only to conſider how this ſupply may be procured 
c- WH vith the feweſt inconveniences. Here, however 

al i it will be neceſſary to obſerve to you, that in all 

ic rooms where there is a fire, the body of air that is 
m varmed and rarified before the chimney, is con- 
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tinually changing place, and king room for 
other air to be warmed in it's turn. Part of it i; 
driven up the chimney, the reſt riſes and take 
place near the ceiling. If the room be lofty, the 
warm air remains above our heads, as long as it 
continues warm; and we are but little benefited 
by it, becauſe it does not deſcend till it is cooler, 
The difference in the climate, between the 
upper and lower parts of a lofty room, is greater 
than you would at firſt imagine, but which you 
may eaſily aſcertain by a thermometer, or going 
up a ladder till your head is near the ceiling. It 
is among this warm air that the wanted quantity 
thould be admitted, for by mixing with the ſur. 
rounding air, the coldneſs thereof is abated, and the 
inconveniencies that would otherwiſe ariſe from 
it's admiſſion, are hereby rendered almoſt inſenſi- 
ble; and this may be eaſily effected, by cutting a 
crevice in the frame at the upper part of the ſaſh, 
which may be concealed by a thin board ſloping 
upwards, to give the air that paſſes through an ho- 
rizontal direction along and under the ceiling. In 
ſome houſes the air may be admitted by a crevice in 
the wainſcot, or plaiſtering near the ceiling and over 
the opening of the chimney; this, where practicable, 
is to be choſen, becauſe the entering cold air cools 
the warmeſt air as it riſes from before the fire, and is 
ſooneſt tempered by the mixture. It may alſo be 
effected by a pipe or tube communicating with the 
ceiling, admitting air there, and — from 
thence downwards on the outſide or inſide of the 
building, the lower end communicating with the 
external air. The cold air would come in at the 
lower aperture, aſcend into the room, and imper- 
ceptibly mix with the heated air, and diſperſing it- 
felf through the room to the fire, carry off the foul 
air, and ſupply the room with a ſucceſſion of 
that which 1s pure and wholeſome. 
2. Smoke 
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2. Smoke deſcends into the room when the open 
ing of the chimney is too large, that is, when it is 


| her too wide, too high, or too deep. Conſidered 


philoſophically, the apertures of the chimnies - 
ſhould always be proportioned to the height of the 
funnel. The openings of the longeſt funnels may 


always be larger than thoſe with ſhorter funnels. 


When the chimney-piece 1s too high, a great 
quantity of cold air can paſs between the mantle 
and the chimney, without being rarified by the 
fire, conſequently the contents of the funnel differ 
leſs in weight from the ſurrounding air, and the 
power of aſcending, or draught of the chimney, 1 is 
conſiderably leſſened, if not deſtroyed. 

If the fire- place be too deep, the grate Rand 
ing far back, the air is not ſufficiently heated, nor 
will the evil be cured by bringing the grate for- 
ward, and leaving a vacuum behind. . 

When the opening is too wide, a great deat | 


of air paſſes the ſides of the grate without being 


much heated; wherever a quantity of cold air is 
ſuffered to paſs the chimney, the motion of the 


. ſmoke is checked and ſtifled at it's firſt ſetting off, 


and the circulation of the external air being de- 
ſtroyed the ſmoke deſcends. 

Theſe defects may be remedied by a proper con- 
traction of the opening of the chimney, and by 
filling up the vacancies behind and on each fide 
of the grate, ſo as to let no air enter from below 
but what comes immediately through or before the 
tire, whereby the air will be more heated and ra- 
rified, and the funnel made warmer ſo as to main- 
tain a good draught at the opening. But as in a 


wide chimney a quantity of cool air often enters 


at the two corners of the mantle, and thus finds 
It's way into the chimney without coming near the 
fires ; to remedy this, place a ſheet of milled iron, 

on 
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on each. ſide, within the mantle, as low as poſſible, 
and ſlanting upwards towards the middle of the 
chimney. This method is ſtill more efficacious, 
if one of the plates be placed a little lower than 
the other, and made ſo long that the ends of one go 
beyond the end of the other thus, AN. Thus will every 
article of air be obliged to paſs before the fire, 
and be rarified, It may be proper to obſerve here, 
that the. openings may be made too ſmall, ſo that 
the entering air operating too violently and direct- 
ly on the fire, will ſtrengthen the draught, but will 
alſo conſume too much fuel. 
| 3. Another cauſe of Jmoky chimnies is having 
70⁰ ſhort a funnel. 
| There are ſome ſituations where a ſhort funnel 
cannot be avoided ; the only remedy in this caſe, 
is to contract the opening of the chimney, ſo as to 
oblige all the entering air to Paſs through or very 
"Near . fire. 
It is very common for one chimney to over- 
| power mathe, and thus bring down the ſmoke. 
Thus in a middle ſized room with two fire- 
places, if the doors and windows be ſhut, and a 
large briſk fire be made, it will ſoon bring the 
air down the other chimney with ſuch force as to 
put out a candle: if fires are kindled in both, the 
greater and ſtronger fire will overpower the weaker, 
and draw air down the funnel thereof to ſupply 
it's own wants ; this air in deſcending will drive 
down the ſmoke of the other fire, and force it into 
the room. 

If, inſtead of being i in one room, ther two chim- 
nies are in two different rooms communicating by 
a door, the caſe is the ſame whenever that door is 
open. A kitchen chimney, in a tight houſe, will, 
When the doors are open that communicate with 
the ſtair-caſe, overpower every other chimney in 
the houſe, and draw the ſmoke down them. 1 

c 


( 
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The only remedy here is to ſupply every 


chimney with as much air as is neceſſary for its 


own conſumption, which may be eie by the 
means already pointed out. 

5. The ſmoke is often driven into a room: 1 the 
improper and inconvenient ſituation of a door. 


For as the ſmoke is carried up the funnel by | 


the continual and ſucceſſive preſſure of the air 
that enters at the fire-place, if this air bediverted 


or driven away from the chimney, the ſmoke will 


be carried away with it into the room; indeed 
any circumſtance that turns the current of air 
from the under part of the fire, will be an aſſured. 
cauſe of producing ſmoke in the room. The va- 
riety of caſes that occur under this head, are too 


many to be enumerated 1 in this lecture. The re- 
medies are either to place an intervening e 


or to ſhift the hinges of the door. 


6. Sometimes an apartment is filled auch feaoke | 


when a fire is kindled in an adjoining chimney, and no 
fire in the incommoded room, although it does not 
ſmoke when it has a fire burning at it's own grate. 

This generally ariſes firſt from the wind driy- 
ing the ſmoke down the funnel of the adjoining 
chimney along with the cold air, which cold air 
may be forced down by a guſt of wind or by other 
cauſes ; this may be n ee by a circular parti- 
tion of about three inches between the funngls 
at tO 

67 it may ariſe from bales | in the partition 


that divides the funnels; for this there is no per- 
fect cure, but pulling down the chimney to the 


part where the holes are, and rebuilding it in a 
ſound manner. You. may be relieved, by making 


uſe of a chimney or ſmoke board, fitted N 


into the aperture of the chimney. 
7. Tf. the Funnel be made ſo narrow, as not to 


8 55 the n Zo paſs freely, it is checked by the 


ſudden 


— 


en 
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\ ſudden contraction at the mouth of the chimney, and el 
will be forced inko the room before it can overcome ſo 
the reſiſtance to it's aſcent. Every chimney ſhould 48 
be made wide enough to carry off all the ſmoke at 
ariſing from the fire uſually burned in it. 1 

The moſt obvious cure is what can ſeldom be th 
effected without much inconvenience and expence, Ml re 
that is, building an additional flue to carry up the 

ſurplus of the ſmoke ; but if the ſituation will not v. 
admit of this, the fire-place may be contracted MI vi 
both in breadth and height, and a ſmaller grate 2 
uſed, and the funnel heightened. - If this only WM vi 
cures in part, and the chimney ſtill fmokes in part, 

a blower, or front plate of braſs or iron, to put on if be 
and take off at pleaſure, muſt be uſed. | 99 
8. The ſmoke is often drawn down by a wrong po- 
ſition of the houſe with reſpect to external objet, f 
as when tops of chimnies are commanded by higher M +. 
buildings, or by a hill, Sc. which by interrupting ha: 
the courſe of the air make it aſſume various di- 
rections, and drive the ſmoke down the chimney Ml .. 
in a ſtream, or wheeling about in eddies, prevent Ml me 
it's alcent. . | 
Hence it is that low houſes, when contiguous 
to high objects, are in danger of being diſturbed pre 
with ſmoke. If the contiguous object be not very ¶ tuc 
high, the diforder may be cured by heightening fan 
the chimney ; but if it be very high, it will be 
neceſſary to place a turncap, or ſome ſuch other WM rela 
contrivance, on the top of the chimney, as will WW bee 
prevent the wind from entering it, while it leaves thy 
a free paſſage for the ſmoke. eo 
9. The ſmoke will ſometimes be driven dow! I is. | 
by flirong winds paſſing over the top of the funnels. ther 
| This caſe is moſt frequent where the funnel WW in 
ſhort, and the opening turned from the wind. ner 
When a violent current of air, or a ſtrong and 
wind, paſſes over the top of a chimney, the parti- ¶ ther 
| | 2 „ cles ; V 
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cles thereof acquire ſo much force, and move with 
ſo much rapidity in a direction nearly horizontal, 
as to prevent the riſing light air from iſſuing out 
at the top of the chimney, and ſome of the current 
is alſo often driven down the chimney. Where 
this happens often, a turncap wal be the beſt 
remedy, 

Chimnies, whoſe funnels go up in the north 
wall of a houſe, and are expoſed to the north 
winds, do not, in general, draw ſo well as thoſe in 
a ſouth wall, becauſe when rendered cold by thoſe 
winds they check the ſmoke. | 

Chimnies incloſed in the body of a houſe, are 
better than thoſe whoſe funnels are expoſed in 
cold walls. | 

Chimnies in ſacks draw better than ſeparate 
funnels, becauſe the funnels, that have conſtant 
fire in them, warm the others in ſome degree that 
have none. 

All funnels ſhould ave a winding direction 
as near the top as poſſible, which would in a great 
meaſure prevent any ill effects from ftrong or 
ſudden guſts of wind. 

I have now ſhewn you the general ns which 
prevent the free aſcent of ſmoke; in ſome caſes 
two or more of theſe cauſes may operate at the 
lame time. 

Dr. Franklin obſerved a curious circumſtance 
relative to chimnies, which does not ſeem to have 
been noticed by any one elſe, and which is wor- 
thy of your attention, namely, that in ſummer 
time, when no fire is made in the chimnies, there 
18, nevertheleſs, a regular draught of air through 
them, paſſing upw Ki, from about five or ſix o'clock 
in the afternoon, till eight or nine o clock the 
next morning, when the current begins to ſlacken 
and heſitate a little for about half an hour, and 
then ſets as ſtrongly down, which it continues to 

Vor. I, | G | > +55" oh 
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do titt towards five in the afternoon, when it 
fackens and heſitates as before, for about half an 
hour, and gets a ſteady upward current for the 
night. Fhe hours vary a Hittle as the days Iengthen 
and ſhorten ; they are alfo varied by fudden 
changes in the weather. In ſummer time there is 
4 great difference in the warmth of the air at mid- 
day and mid- night, and of courſe in it's fpecific 
gravity, as the more the air is warmed the more it 
ts. rari fied. Fhe furmel of the chimney being ge- 
nerally ſurreunded by the houfe, is protected both 
from the heat of the ſun's rays, and the coolneſs 
of the night; this mean temperature it communi- 
cates to the ais contained in it. If the outer air 
is cooler than that in the funnel, it will, by being 
heavier, force it to riſe, and go out at the top; 
what ſupplies it's place, being wazmed by the fun- 
nel, is in 1t's turn alſo forced up the chimney, and 
fo the current continues till the next day, when 
the ſun warms the air: and the funneF being now 
cooler than the air that enters it, that 11 1 ren- 

dered heavier than the furrounding air, and there- 
fore deſcends. TS . . 

It will be eafy for you to make à few experi- 
ments on this ſubject, and thus render the doc- 
trines it contains familiar to your minds: for this 
purpoſe furniſh yourſelves with a number of ſmal} 
repreſentations. of rooms; let each of them be 
compoſed of five panes: of window-glafs framedl in 
wood at the corners, with proportionable doors, 
moveable glaſs chimnies, and openings ef different 
tizes, and diffesent lengths of funnel; the rooms 
27 be ſo contrived as occaſionally to communi- 
cate one with the other, and thereby form different 


combinations ; fourteen or fifteen pieces of green 


wax taper, ſtuck together in a ſquare, would make 
a ſtrong fire for a ſmall glaſs chimney, and when 
blown out would co. tinue to burn and give fmoke 
3 fg | | gi 


they were frequent. 
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as long as deſired. With ſuch an apparatus, all 


the operations on ſmoke and rarified air, may be 


made with cafe, and the effects would be ſeen 


| wo the tranſparent ſides. 


rom what has been ſaid on the methods of 
curing ſmoky chimnies, you will fee the import- 
ance of experimenting in philoſophy; and that 
while we are inveſtigating one ſubje&, new light 
is often thrown upon another. You little thought 
of the relation of the experiments on rarified air, 
to that of our common fires : it is thus that ſome- 


thing unexpected often ſtarts up in the courſe of 


our 1nquiries, and the accidental diſcovery is often 
of more importance than the original buſineſs of 
the reſeach. To an attentive obſerver, ſcarce any 
thing will paſs without it's uſe, and without mak- 
ing ſome addition to ſcience. Wo 
Chimnies have not been of long date in Eng- 
land, and the ſmoke was let through a hole in the 
roof. There is extant in the records of one of 
Gen Elizabeth's parliament, a motion made by - 
a member, reciting, © That many dyers, brewers, 
« ſmiths, and other artificers, had of late taken to 
* the' uſe of ' pit-coal, for their fires, inſtead of 
« wood, which filled the air with noxious vapours 
«and ſmoke, very prejudicial to the health, par- 
« ticularly of perſons coming out of the country; 
«and therefore moving, that a law might paſs to 


« prohibit the uſe of ſuch fuel, at leaſt during the 


« ſeſſion of parliament, by thoſe artificers.” It 
was not then uſed in private houſes, the unwhole- 
ſomeneſs was the objection ; fortunately the inha- 
bitants got over this objection, and now. think it 
rather contributes to render the air ſalubrious, as 
they have had no general peſtilential diſorder ſince 
the general uſe of coals, though before that uſe 


0». 
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5 Or ConvenseD AIR. 
You have ſeen, that in a given quantity, air 
may be expanded into a larger ſpace, or contracted 
into a ſmaller. I have explained the nature of 
the air-pump, by which it is rarified and. ex- 
hauſted, and now proceed to ſhew you "DOR 
loſophy has engines, not only to rarify, but 
alſo to condenſe the air, and thus increaſe it's 
ſpring by artificial compreſſion. . 

This machine is called a condenſing engine: 
it conſiſts, iſt, Of a ſyringe to condenſe, or rather 
to throw freſh air into the ſame ſpace. 2d, A 
| ſtrong receiver to hold this air. 3d, A guage to 
meaſure the degree of compreſſion. The receiver 
is confined down to. the plate by ſcrews, that it 
may not be forced up, and thus let the air eſcape. 
. I, pl. 2. 

As much air. is thrown into this receiver, at 
every ſtroke of the piſton, as theſyringe will contain; 
this will be evident to you when you conſider the 
conſtruction - of this ſyringe. When the piſton 
(which is ſolid) is drawn from the bottom, it 
leaves a vacuum under it; till it gets beyond this 
ſmall hole near the top of the barrel, the external 
air ruſhing through that hole into the barrel fills it 
with air; now the valve in this ſyringe opening 
8 downwards, contrary th what you obſerved. in the 
air-pump, when I puſh the piſton down, all the air 
contained in the barrel is forced into the receiver, 
and cannot return; the air, therefore, therein 1s 
compreſſed, and may be thrown in till it is ren- 
dered fo. denſe, and it's ſpring as great as the 
ſtrength of the machine will bear. You may al- 
ways know the degree of condenſation by the mer- 
curial guage : —when- the quickſilver has gone 


mT half the 158 between it and the end rhe 
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the tube, the air is of a double denſity ; when it 
has paſſed two-thirds of the ſpace, the air is three 
times denfer, and ſo on, for the denſity of the air is 
always inverſely as the ſpace it occupies. As the 
quantities forced in by each ſtroke of the piſton 
are equal, the quantities in the barrel, and conſe- 
quently the degrees of condenſation, increaſe in an 
arithmetical progreſſion. If the receiver be not 
made very ſtrong, it would be ſoon torn aſunder 
by the air's elaſtic force, which we have already 
ſhewn you to be as the compreſſing force. | 

Mr. Boyle has left us a great number of ex- 
pernments made with a ebe engine, which 
ſhew that animals may be killed by too great a 
condenſation of air; that when condenfed to a 
moderate .degree, he found them to live longer 
therein than in common air; that it ſcarcely af- 
fected infects and frogs; that mouldineſs was 
promoted nearly in proportion to the degree of 
condenſation; and that vegetation was not injured 
thereby. ' | The 8 h | 

If the air be exhauſted from two hemiſ- 
pheres, of three inches and a half diameter, it 
will require a force equal to about one hundred and 
forty pounds to ſeparate them. But if the ſame 
hemiſpheres be placed under the receiver of the Air- 
pump, without exhauſting the air from them, and 
ſo much air be thrown into the receiver as te ren- 
der it double the denſity of the external air, it will 
require the ſame weight to ſeparate them; a fur- 
ther proof of the atmoſpheric preſſure. Bur if the 
hemiſpheres were exhauſted before they are put 
under the receiver of the condenſing engine, and 
then the air is doubled in denſity, it will re- 
quire a weight of two hundred and eighty pounds 
to ſeparate them; ſo that a double atmoſphere 
has the ſame advantage over a ſingle one, that the 
fingle one has over a vacuum. 
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The ſound of a bell is much louder in con- 
denſed than in common air. 5 
A round phial, that would bear the preſſure 
of the atmoſphere, may be broken by condenſed 
air, the air being exhauſted from the inſide. 

A bladder that will not break with the na- 
tural ſpring of the air, will ſoon be burſt by the 
increaſed elaſticity of condenſed air. Indeed the 
force of condenſed air may be increaſed ſo as to 
counteract the greateſt powers we can apply againſt 
it; and as the air from it's ſituation muſt be greatly 
condenſed in the lower parts of the earth, with 
the application of heat, it may have the moſt pro- 
digious effects, producing convulſions in the body 

of the earth, and even a diſruption of the parts 

extending to the ſurface. . 135 
Ao this ſuſceptiblity of the air, of being con- 
den/ed, and of it's ſurpriſing expanſive force when 
this preſſure 1s taken off, we are indebted for the 
 wind-gun, where, by great condenſation, the air 
gives motion to leaden bullets, after the manner of 

npowder. In the preſent mode of making them, 
a hollow ball is afhxed to the breach of the gun, 
this holds the condenſed air, which is prevented 
from entering by a valve, which valve is governed 
by a ſpring. On diſcharging the cock the valve 


opens, but cloſes almoſt inſtantaneouſly, by means 


of a ſpring. The air that eſcapes forces out the 
ball with ſuch violence, that it will be driven to 
the diſtance of 60 or 70 yards, or even further, 
Several ſhot may be diſcharged without throwing 
freſh air into the condenſing ball; but the force, 


as you, may infer from what has been already 


explained, leſſens at every diſcharge, the fluid 
being leſs compreſſed, and it's elaſticity of courſe 
Weaker. | | 15 
J ſhall now ſhew you how condenſed air, by 
+ 10-4 
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it's preſſure on the ſurface of water, will give no- 


tion to it, and produce a pleaſing artificial foun- 


tain, ( fig. 13, p. 3.) This fountain conſiſts of a 
ſtrong copper veſſel, which is to be filled partly 
with water, partly with air; this pipe is Jong 
enough to reach nearly the bottom of the copper 
veſſel: at che upper end of the pipe is à ſtop=cock. 
J fill the veſſel about two-thirds with water, and 
then ſcrew in the pipe; the junction is you ſee 
made air-tight, by means of an-ofed Heather ; the 
air contained between the ſurface of the water and 


the top of the fountain, is at preſent of the ſame 


denſity with that of the atmoſphere. I ſcrew the 
condenſing ſyringe to the upper part of the ſtop- 
cock, and by it throw air into the veſſel, which, as 
it cannot return, forces it's way through the water 
into the upper part of the fountain, and there re- 
mains in a ſtate of greater condenſation than the 
outward air. Having thrown in as much as [ 
think neceſſary, I turn the ſtop- cock, unſcrew the 
{yringe, and {crew in it's place a jet or pipe, with 
a ſmall aperture at top. I now turn the ftop-cock 
again, to open the communication between the 
external air and pipe, and the water is immediate- 
iy thrown up a confiderable height by the preſſure 
of the included air; the force with which it is 
thrown upwards is as the exceſs of the preſſure of 
the included air above the external air ; and as the 
preſſure of the atmoſphere is equal to a column of 
water thirty-three feet in height, if the included 
air is thrice as denſe as the external, the, height of 


the jet will be ſixty-ſix feet; but in proportion as 


the quantity of water in the fountain is leſſened, 

the air has more room to expand, it's elaſticity 1s 

diminiſhed, and it acts with leſs force upon the 
water, 8 

To render this experiment more entertaining, 

the fountain is furniſhed with a varicty of curious 

4 Jets, 
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jets; which may be ſcrewed in the place of that 
which is now at the top of the fountain. 

Here is one that throws up a cork ball, which 
will ſometimes remain ſuſpended on the top of the 
water; it will often revolve on it's center, fall and 
riſe again, ſpreading the water all around. 

Another jet is made of a hollow braſs globe, 
pierced with a number of ſmall holes tending to 
the center ; the water ruſhing through theſe, with 
the directions in which the holes are made, forms 

a very pleaſing ſphere of water. 

Among the variety of jets, ſome forming caſ. 
cades, dag jets, &c. &c. there is none more 
ſtriking, or more pleaſing than one in the form of 
a croſs, in which the jets are ſo accurately at right 
angles to each other as to meet in that direction, 
which then changes, and takes another nearly in- 

termediate with the former direction; illuſtrating 
very pleaſingly the doctrine of compoſition and re- 
ſolution of forces, in which you will be inſtructed 
in our mechanical lectures. | . 
The condenſing fountain and it's jets are re- 
preſented at fig, 12, 13, 14, 15, 16, 17, 18, 19. 
1 will not be improper, before we proceed 
further, to recapitulate to you the laws I have ex- 
plained concerning the elaſticity of atmoſpheric 
air. 1ſt, I have ſhewn you that air may be con- 
denſed by preſſure, and that the ſpace into which 
it is contracted is in the inverſe ratio of the preſ- 
ſure ; thus, if one pound weight contracts a quan- 
tity of air, which in a natural ſtate occupies the 
ſpace of twelve cubic inches, into a ſpace equal to 
ſix cubic inches, two pounds will reduce it into 
three cubic inches, three pounds into two cubic 
inches, &c. No experiments, that have been hi- 
therto made, ſhew the ultimate limits of this con- 
denſation; for after being compreſſed, as much - 
the 
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the inſtruments made for that purpoſe, would | 


bear, it ſtill ſeemed capable of much greater com- 
reſſion, by the application of a greater force. 
Neither preſſure, nor cold, nor any other means; 


have yet exhibited air as a_/9/:d, or even rendered 


it a vibe fluid. : | EH 
| 2d, You have alſo ſeen that as air is con- 


tracted into a ſmaller ſpace by preſſure, ſo it ex- 


pands into a greater ſpace when the preſſure that 
confines it is removed. The limits of this expan- 


ſion are not known, nor are there any experiments 
to ſhew, that when air has attained a certain e- 


panſion, it is not capable of a greater. TEIN 
zd, The elaſticity of the air does not ſeem to 


be impaired by a long and continued preſſure, ſo 
that if a given quantity of air is kept for a long 
time highly compreſſed or very much rarified, it 


will always return to the ſame given quantity, 
when put into the ſame circumſtances that it was 


in before the condenſation or rari faction. 


4th, Air is rarified by heat, and contracted by 


cold. | 


ch, The weight of the atmoſphete is contl- 


nually changing, ſo that if at one time it forms a 
counterpoize to a column of quickſilver of thirty 
inches, at another time it will ſupport a longer co- 
lumn, and at others one not ſo long. 


\ : 
I may now proceed to explain to you a few. 


more of thoſe machines which depend on the 
ſpring and weight of air: among theſe there are 
none ſo neceſſary for you to be well acquainted 

| with 


Colonel Roy concludes from his experiments (Phil. Tranſ. 
1777, p. 704, ) that ſixty · ſix degrees of Fareinheit's thermometer 
dilates the air 2.58090 thouſandths parts of it's bulk. M. de 
Sauſſure makes the ſame degree oh dilate it 1.88615, M. de 
Sauſſure attributes this enormous difference in their reſults to the 


difference of capacities of the veſſels in which the experiments. 


were made, 


7 
" 
J! 
} 
5 
* 
ol 
; 
| 
* 
| 
1 
H 
Fr 


go Leros ON NaTURAL PHllLoSOPHY. 


with as the different kinds of pumps. They are 
generally divided into two kinds: iſt, The com- 
mon, or as it is often improperly called, the 


ſucking-pump. 2d, The farcing-pump. : 
Or ThE Common or Houst- Puur. 


' This is ſaid to have been invented by Cteſebes, 
a mathematician, about 120 years before Chriſt, 
The operation of this pump depends on the preſ- 
ſure of the atmoſphere ; ; Which being equivalent 
to 30 inches of mercury, or 34 feet of water on a 

ven ſurface, it is plain that water cannot be 
. raiſed by this ſpecies of pump, to an altitude 
greater than that of about 34 feet: this height 
. varies, being a little greater or leſs, on account of 
the differences in the weight of the atmoſphere. 
It is feldom, however, applied to raiſing water 
above 28 feet, leſt the pump ſhould fail in it's 

rformance. Here is a model of the common 
pump in glaſs, (fig. 22, pl. 1,) that you may fee 
the action of the piſton and the motion of the 
valves. It conſiſts of a pipe open at both ends: 
this part which is larger than the other is called 
the body of the pump ; in this there is a moveable 
Piſton : the piſton you ſee fits ſo exactly to that 


part of the pipe wherein it works, that it does not 


let any air paſs between it and the pipe. The 
loweſt point to which the piſton can be depreſſed, 
and the higheſt point to which it can be raiſed, is 
called the ſirote of the piſton. 


Here axe alſo two valves, both opening up- 


wards ; the one in the lower part of the pump, 
The other at the upper part of the piſton. I put 
the bottom of the pipe in water, and thruſt the 


piſton to the bottom of the barrel or body of the 


pump, pouring ſome water on it to keep the piſton 
tight. I raiſe up the piſton, which leaves a va- 
cuum in the barrel, into which the air in the 


lower 
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lower part of the pipe will expand; the air in the 


pipe being thus rari fied, and it's ſpring weaken 

by the expanſion, it preſſes leſs upon the ſurface of 
the water in the pipe, than the atmoſphere does 
on the ſurrounding water ; conſequently the water 
will riſe in the tube till the air within is as denſe 
as that without, and thus reſt between two equal 
prefſures. I then depreſs the piſton, but the 
valve which opened to let the air come out of the 


> ” 


pipe, will permit none to go back again; it there- 


fore forces it's way through the valve 1n the piſton, 
and mixes with the common air. After a few 


ſtrokes the whole of the air is extracted, and then . 


the water riſes through the valve, and is diſcharged 
by the piſton : the water will now continue to run 
out of the ſpout as long as I continue to work the 

91 You ſee that every time the piſton is 
lifted up, the lower. valve opens, and the upper 
one cloſes ; but on depreſſing the piſton the lower 
valve cloſes, and the upper one opens: it is by 


this ſimple mechaniſm that we ſo eaſily raiſe 


water, and avail ourſelves of the preſſure of the 


atmoſphere ; the piſton in riſing, lifting” ap all 


the water above it and diſcharging it, and while 
it riſes, more water paſſes through the lower valve 
to be lifted up at the next ſtroke of the 22 | 

Though the preſſure of the atmoſphere will 


not raiſe water higher thay 34 feet; yet when the 


water has once got above the piſton, it may be 


lifted thereby to any N if the piſton-rod be 


made long enough, and a ſufficient degree of power 


or ſtrength be employed to raiſe it with the weight 


of water above the piſton, ; 


If a pump admits or takes air at the lower | 


valve, the water will fall down into the reſervoir, 
for the ſame reaſon that the mercury would fall 
aut of the tube of a barometer, if the air was let 
into the top of the tube, If the water has been 


Out 
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ont of a pump for ſome time; the leathers of the 
valves grow dry, and will neither open nor ſhut 
freely ; the leather round the piſton grows dry 


alſo, and will not then fill exactly the cavity of the 


barrel. The mode uſed 70 Fetch the water again, 
as it is called, is by pouring a pail-fult of water 
down the pump, to moiſten the valves, and make 
them ſhut and open freely, and ſwell the leather 
round the piſton, ſo that it may fill the cavity of 
the barrel; when this is done, the pump will work 
as well as before. 

The force required to work a pump, 1s as the 
height to which the water 1s raiſed, and the ſquare 
of the diameter of the barrel in which the piſton 

works. 
| Coniſbtueritly: if there be two pumps of equal 
heights, but the diameter of the one ie as large 
as that of the other, the largeſt will raiſe four times 
more water than the ſmaller one, and will require 
four times as much ſtrength to work it. 


The diameter of the pump in any other part 


but where the piſton works, does not increaſe or 


diminiſh the difficulty of working it, except ſome 
difference occaſioned by friction, which is more 


in a narrow bore than a wide one. The handle 
acts as a lever, to give an advantage to thoſe who 
work the pump. 

The longer ſtroke the pump e the more 
water it raiſes with the ſame power, leſs water 
being loſt by the ſhutting of the valve. l 

Here it may be neceſſary to obſerve, that 
though the preſſure of the air on the water in the 
well, &c. will raiſe this water, yet this aſſiſtance is 
counterballanced by the weight of the atmoſphere 
on the water thus raiſed on the piſton; ſo that the 
advantage obtained by this engine, is that of put- 
ting things into a more convenient and manageable 
form, and it will be well worth your while to re- 
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member this circumſtance, as you will find it take 
place in almoſt every other piece of mechaniſm. 


Or THE Forcing Pump; 


Or that kind which raiſes waler by the W 0 of 


condenſed air. 


Of this kind here is alſo a model, (. 21, pl. 1,) 


by which you ſee, that the pipe and body, or barrel 
of the pump, is the ſame as the preceding one, 
but that there is no valve in the piſton: at the 
bottom of the barrel there is a ſmall tube placed 


at right angles to the barrel of the pump; to the 


other end of this tube is cemented a ciſtern, into 
which the water is to be forced; from the top of 
the ciſtern there is a tube which goes nearly to the 
bottom thereof. You obſerve alſo two valves, one 
fixed near the bottom of the barrel, the other in 
the ſmall tube or forcing-pipe. This pump acts 
in the firſt place by the atmoſpheric preſſure, as 
the preceding; and then by forcing the water into 


this ciſtern, the air in which being condenſed, will 


preſs upon the water, and throw it up a confider- 
able height, in the ſame manner you ſaw. it act in 
the condenſing fountain. 

I ſhall now work it to ſhew you the effect: . 
when, I lift up the piſton, the air between that and 
the. water below having room, dilates itſelf, and 
preſſes leſs ſtrongly on the water, and a few ſtrokes 
will ſoon bring the water above the valve in the 
barrel, When the piſton deſcends, as the water 
cannot paſs through it, nor back again into the 


lower part of the pump, it is forced through the 


bent pipe and valve into the reſervoir or air-veſlel; 
the moment I raiſe the piſton again, this valve you 
{ce ſhuts, and prevents the water in the air-veſſel 
from returning. 

Thus being by re cated ſtrokes forced i into 


the dir. veſſel. it gets above the lower end of this 


Pipe, 


| 
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pipe, and then begins to condenſe or crowd the air 
into a ſmaller ſpace ; for as the ſmall pipe is fixed 
ſo as to be air-tight at the top of the reſervoir, 


and the air has no way of SPINE but through it, 


that way is cut off when the end thereof is covered 
with water; the air is more.and more condenſed 
as the water riſes, ſo much ſo, that you ſee by it's 

eſſure on the ſurface of the water it forces it 
through the pipe in a jet to a conſiderable height, 
while I ſupply it with water, by continually work- 
ing the piſton: the higher the ſurface of the water 
is raiſed in the air-veſſel, the ſmaller you ſee is the 
ſpace into which the air is condenſed, and the 


more powerful it's action on the water, which it 
drives with greater force through the pipe; and as 


the ſpring of the air remains and acts while I am 


raiſing the piſton, the ſtream continues uniform as 


long as I work the pump: 

Water may be raiſed by a forcing-pump to 
'any height above the level of a river or ſpring, 
and machines may be contrived to work theſe 

mps, either by a running ſtream, a fall of water, 

y horſes, or by ſteam. 
The water- works at London- bridge exhibit a 
moſt curious engine of this kind: the wheel-work 


is ſo contrived as to move either way as the water 


runs; the engines are ſaid to raiſe above 140,000 
hogſheads of water each day. 


The engine uſed for extinguiſhing fires, acts 
as a common and forcing-pump, and raiſes water, 
as you have ſeen, to great heights, and with conſi- 


derable velocity. : 
Or Tat SyPHoN. | 
This, though a ſmall inſtrument, muſt not be 


neglected : it conſiſts you ſee of a bent tube, one 


end of which is longer than the other. I immerge 
4 ſhorter leg into this veſſel of water; I now 


4 draw 
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draw the air out of this tube by my mouth, and 


you ſee that as ſoon as the air is drawn out of the 
tube, the preſſure thereof on the water in the 
veſſel will force it up the ſhorter leg, over the 
bend, and down the other; and when I take my 
mouth away from the longer leg, it will begin to 
run out, and continue running till it is below the 
aperture of the ſhorter leg. The water is raiſed 
in the lower leg by the preſſure of the air, and if 
the legs of the fyphon were equal, it would not 
run out, as there would be an equal preffure on 


both ends, one counteracting the other; but When 


one leg is longer than the other, the water begins 
running from the exceſs of it's weight, and the 
continuation of the motion probably ariſes from 
the nature of a fluid ſubſtance; or as the prepon- 
derating weight in the longer leg renders the 
preſſure of the air on that leg leſs effectual than 
on the other, the water neceffarily moves to that 
part where there is leſs preſſure. „ 
The ſyphon may be diſguiſed ſo as to produce 


\ 


a great many entertaining and apparently fur- 


prifing effects. Thus it may be concealed in a 
cup, (fig. 20, pl. 3,) which will hold the liquor 


contained in it till it has attained a certain height, 
when it will begin to run out, and continue ſo 


to do till the veſſel is emptied. Here is a cup 
with a figure ſtanding in the center; I pour water 


into the cup, and you ſee it remains there: it has 
no nearly reached the lips of the figure, and the 
ſyphon contained therein begins to act; the water 


riſes in the ſhorter leg by it's natural preſſure as 


- high as it's own level: when it has got beyond 


the bend of the ſyphon, it is drawn away by the 
longer leg. There are many artful} ways of con- 
cealing the ſyphon, and rendering it's effects more 
ſtrange and amuſing; ſometimes the ſyphon is 
concealed in the handle. This cup is us 
| 55 ä 


Back from his lips the treacherous water flies. 


There dangling pears exalted ſcents unfold, 


tain, from the bottom. of which. proceeds the 


fame time riſe in the leg of the ſyphon or cavity, 
till it has attained. the horizontal level, when it 


and will continue to riſe and increaſe in the quan- 
tity diſcharged, as the water riſes higher, till at 
length the phon will pour out a full ſtream, and 
thus empty the cavity. The ſtream will now 


Hibit the ſame appearance; and theſe periodical 
returns. of flood and ceſſation will be regular, if 
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called Tantalus's cup, from the fable of Tantalus, 0 
thus deſcribed by Homer: . tl 

7 We Tantalus along the "ROAR 3 a A 

- - Pours out deep groans! (with groans all hell w 
- abounds) ir 

_ Fen in the circling floods refreſhment craves, ti 


And pines with thirſt amidſt a ſea of waves; 
And when the water to his lips applies, 


Above, beneath, around his hapleſs head, 
Trees of all kinds delicious fruitage ſpread. - 

There figs, high-dyed, a purple hue diſcloſe; 

Sreen looks the olive, the pomegranate . : 


And yellow apples ripen into gold. 5 
Ihe fruit he ſtrives to ſeize, but blaſts ariſe, 
Foſs it on high, and wu it to the ſkies, 


The Pokob affords a very probable ſolution. 
of the nature of 7termilting ſprings, which I muſt 
illuſtrate by a diagram. Let HHKB, (jpg. 2, 
Pl. 4,) repreſent a cavity in the bowels of a moun- 


irregular cavity BDET, forming a ſyphon. Now, 
if by means of rain, ſprings, or any other cauſe, 
this cavity begins to fill, the water will at the 


will begin to flow out by means of the leg 19.1. 


ceaſe till the cavity fills again, when it will ex- 


the filling FS the * be ſo; but the 1 
| 5 80 
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of the return muſt depend on the dimenſions of 
the cavity, and many other circumſtances. 
Many inſtances of this kind occur in nature. 


At Graveſend there is ſaid to be a pond, out of 
which the water ebbs all the time the tide is com- 


ing into the adjacent river, and flows during the 


time that the tide is going out. This appearance 
probably. ariſes from a ſubterraneous refervoir, 


equal in capacity to the quantity of water that 


riſes and falls in the pond :. between this reſervoir 


and the pond there may be a natural ſyphon, b 


' which they communicate with each other, and a 


as we have already explained; and a ſecond na- 


tural ſyphon may, in the ſame manner, convey the | 
water away from the pond, when it is filled to a 


certain height. | F 
At Lambourn, in Worceſterſhire, there is a 
brook which in ſummer- time receives a flow of 


water ſufficient to turn a mill, but in winter it 


runs a very inconſiderable ſtream. It is probably 


occaſioned by a large ſubterraneous reſervoir, filled 
to a certain height by the winter rains, ſnows, &c. 
and that then a natural ſyphon takes effect, and 
brings away the water in a ſtream equal to it's 
bore, till it has emptied the reſervoir as far as it's 
ai (tn fn nl ft Eng” 
This is illuſtrated by this apparatus, (fig. 4, 
pl. 3.) The upper box (A) is filled with water; 
a ſmall pipe carries water from this box to the 
pring at G, where it will run off conſtantly. 
Another ſmall pipe (D) carries water from the 


upper: box to the under one (B) or well, from 


which a ſyphon proceeds that joins with the for- 
mer pipe: the bore of the ſyphon is larger than 
the bore of the feeding pipe (D); as the water 


from this pipe riſes in the well B, it will alſo riſe 


3 high in the ſyphon Ee F; and when the ſyphon 
8 full to the top (e) the water will run over the 
Vol. I. 1 mM TG: bend 
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bend and go off at the mouth, and will make 2 
great ſtream at the ſpring, and that ſtream will 
continue till the ſyphon has carried off all the 
water from the well; the fyphon carrying off the 
water faſter than the pipe brings water to it; and 
then the ſwell will ceaſe, and only the water from 
the ſmall pipe will run off, till the pipe fills 
the well again, when the operation will recom. 
mence. 85 | 
A very elegant writer, On the Sublime and 
Beautiful,, concludes his account of the paſſions 
thus: «© The more accurately we fearch into the 
human mind, the ſtronger traces we every where 
find of bis wiſdom who made tt. If a difcourt 
on the parts of the human body may be conſi- 
dered as a hymn to the Creator, the uſe of the 
paſſions, which are the organs. of the mind, can- 
not be barren of praiſe to him, nor unproductive 
to ourſelves of that noble and uncommon union 
of ſcience and admiration, which a contemplation 
of the work of infinite wifdom alone can afford 
a rational mind, while referring to him whateves 
we find of right, or good, ov fair in ourſelves, 
diſcovering his ſtrength and wiſdom even in our 
own weakneſs and imperfection, honouring them 
where we diſcover them clearly, and adoring their 
profundity, where we are loſt in our bes, : we 
may thus be inquiſitive without impertinence, and 
elevated without pride. We may be admitted, 
if I dare fay fo, into the counſels of the Almighty, 
a confideration of his works. This elevation 
of mind ought to be the principal end of all our 
ſtudies, which, if they do not in ſome meaſure 
effect, are of very little fervice to us.“ | 
With this view theſe Lectures were written; 
to open and exalt your minds, by giving you juſt 
views of the nature of your ſituation, both with 
reſpect to this world and that which is * 
; 25 4 a 
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and that while I was enlightening your under- 
ſtandings, and diſplaying the beauties and glories 
with which you are environed, I might alſo incline 


your wills to the purſuit and practice of goodneſs, 


render you friends to religion, and lead you to love 


it's principles, adore it's author, and practiſe it's 


precepts. OLE 


While you are taking leſſons from Nature, and 


examining the wonderful and variegated pheno- 
mena ſhe preſents to your eyes, ſhall we neglect 
to ſhew that ſhe continually leads to the true, the 


beautiful, and the good—to the ſupreme Being, the 


ſource of all truth, the fountain of all good. _. 
Wiſe and good men have always admitted the 
alliance between philoſophy and divinity, and 
have pronounced that nature was but half-ſtudicd, 
till it enabled us to contemplate the great objects 
of religion with ſuperior light. 0 
But, as paradoxical writers have affirmed, 
that infidelity would gain ground as philoſophy 
advanced; and as we have ſeen Voltaire turn the 
little philoſophy he was maſter of to the diſad- 
vantage of religion, and endeavour, from his mole- 
hill of ſcience, to diſcredit Chriſtian truth, and 
bring faith and virtue into contempt, it is ne- 


ceſſary to ſhew, that from true philoſophy and a 


right uſe of reaſon our religion has nothing to 


apprehend; that the more carefully and candidly 


they are ſtudied, the more conſpicuous will it's 
truth and beauty appear; and that no man can be 
made averſe to the word of God, by admiring his 
works, or raiſe objections againſt his truth, from 
the ſtudy of his power and wiſdom. 


Religion ever had, and always muſt have, the 


character of it's author viſibly ſtamped upon it; 
and nothing can be found therein that is not infi- 


nitely kind and infinitely wiſe. The great aim of 


bod in eſtabliſhing it is, to advance the happineſs 
| EIS 7 of 
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of man, and to advance it in a method conſonant 
to thoſe principles he has implanted in him. 
Let no one then perſuade you that an at. 
tention to the dutics of religion 1s a ſign of a poor 
and mean ſpirit, and fit only for the ignorant and 
ſuperſtitious. For religion, which is the habitual 
exerciſe of your beſt affections towards God, and 
towards man for his ſake, is the nobleſt diſpoſition 
of the greateſt and the nobleſt minds, the foundation 
of all wiſdom, the path to every thing deſirable 
and good. And thoſe who conceive. it receive; 
any advantage from ignorance, are neither ac- 
quainted with the nature of religion, the nature 
of God, nor the principles of their own nature: 
for happineſs, which we are all in ſearch of, con- 
ſiſts in a certain fate or habit, and in a certain 
affetion and diſpoſition of the ſoul; and whatever 
places the ſoul in this ſtate, or produces this habit; 
whatever contributes to bring it into this ſtate, or 
to maintain it therein ; whatever diſpoſes the ſoul 
to acquire this habit, or advance it's progreſs to- 
wards it ; every ſuch thing is to be ranked in the 
number of 4 man's greateſt goods. Now, it is 
ſelf-evident, that nothing but the cultivation and 
practice of every religious virtue can put you 
in poſſeſſion of this ſtate, and render you truly 
. ä . 
| You will find no object ſo worthy of your 
utmoſt attention as your Creator ; nothing that 
wilt advance your attainment. of this glorious 
knowledge fo much as a ſtudy of yourſelf by the 
light of revelation. Wiſdom and happineſs are 
one, to be truly wiſe is to be really happy : to be 
really happy, you muſt unite the love of God and 
man. 5 „ 
tc The greateſt men of the heathen world, Plato, 
Pythagoras, Socrates, Epictetus, Marcus Antoninus, 
&c. owed all their greatneſs to a ſpirit of on 
, 4 8 : : | a « ef 
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They were full of God. Their wiſdom and deep 


contemplations only tended to deliver men from 


the vanity of the world, the ſlavery of bodily paſ- 


ſions, that they might act as ſpirits that came from 8 


God, and were to return to him. 


e There is nothing, therefore, that will raiſe 
you ſo much above vulgar minds, nothing that can 


render you truly wiſe, great, and noble, but 
rightly to know and worſhip your God and Sa- 


viour, who is the ſupport and life of all ſpirits, 


whether in heaven or on earth.“ 


Believe not 'thoſe who deſcribe religion as 
ſevere, paint her aſpect as forbidding, or repre- 
ſent her determinations as gloomy. She incul- 
cates no ſeverity of manners; meekneſs and hu- 
mility are her fundamental graces : ſhe grants you 


without reſtraint every rational pleaſure, every 


enjoyment that can be productive of good to 


others, or that you can look back upon with ſa- 
tisfaction yourſelves. . She denies you only what 


would be detrimental to ſociety, and would entail 


pain, miſery, or diſeaſe on yourſelves. ' 
The means of happineſs are placed in all 


our hands, but religion alone can enable you to 
uſe them properly. She is to the mind what health 
is to the body; not only the firſt and greateſt of 
al pleaſures, but the only medium through which 


others can be enjoyed. Her pleaſures are deeply, 
rooted in the heart, founded on. the reaſon o 
things, permanent as the immortal ſpirit where it 
dwelleth, and durable as the eternal object whereon 
it is fixed. If you, after a weary and diligent 


flight in ſearch of happineſs, can find a ſurer 


ground on which to reſt the ſole of your foot, there 
let it reſt, If you can find a better and firmer 
foundation on which to build your e there 
i, It 255 fixed. 
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The deftructive ideas of the atheiſts of France, 
who, under the veil of philoſophy, have long 
concealed their atrocious deſigns on the peace and 
happineſs of mankind, render it more neceſſary 
to preſs theſe ſubjects on your minds; for who 
without deteſtation can have ſeen their attempts, 
or have looked without horror on their ſchemes. 
—A very ſlender conſideration will prove to 
you, that all men would be politically happy, 
if no one endeavoured to injure another. The 
reſtraints of civil ſociety aim at accompliſhing this 
object, but vain will be the endeavours of goverr- 
ment, unleſs each individual will co-operate to 
the great purpoſe, by reſtraining his own malig- 
nant paſſions. No principles that do not inculcate 
this /elf=denial, can ever promote the happine/; 
of man, nor can any principles furniſh motives for 


the law of /e/f-reftraint, but thoſe derived from 


religion. Thus may you obtain other proofs of 
it's weight and importance. Thus you may be 
enabled to judge of the writings and principles of 
thoſe who wiſh to deprive you of happineſs here- 
after, and rule over you here under the pretext of 
liberty. No real repoſe can be obtained in ſociety, 
but that which is produced by a religious morality, 
by which alone each individual can contribute to, 
and enjoy the happineſs of others, both paſt, pre- 
ſent, and future. | N 
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| APPENDIX TO LECTURE III 
Or THE IMPROVEMENTS own Tar Air-Pume.* 


To no invention is natural philoſophy more 
indebted than to that of the aiR-puMP: even in 
it's original imperfect ſtate it was the occaſion of 
many important diſcoveries ; theſe have been fince 
multiplied and extended to a degree of which it's 
firſt contrivers could have no idea, and ſcience 
ſeems to have advanced, in proportion as this in- 
ſtrument has been improved. 5 
The air-pumps in moſt general uſe are 

made either with ſtop-cocks or with valves, 

5 to prevent the return of the air into the receiver, ö 
or out of which it had been'exhauſted. The pumps 
i with ſtep-cocks, when well made and newly put | 
0 

de 

of 


together, are generally found to rarity the air to a 
greater degree than thoſe which are made with 
valves; but after being ſome time uſed, they be- 


2 come leſs accurate than the valves. The valves 
of are alſo imperfect; for the external air, preſſing 
f upon that in the piſton, prevents it's riſing when 
Y, the elaſtic force .of the air in the receiver under 
0, exhauſtion is much diminiſhed. 1 

* This inconvenience was entirely removed by 


a contrivance which cut off the communication 
between the inſide of the barrels and the outſide 
air, ſome defects, however remained; it will there- 
fore be neceſſary to dwell a little longer on this 
conſtruction, and to compare it more particularly 
with thoſe uſually made. 
e H 4 | I have 


* Cuthbertſon's Deſcription of an improved Air-Pump. 
Philoſ. Tranſ. for 1751 and 1752, and 1783. 
4 American Tranſ. vol. 1. Boſton, 1785. 


3 


\ — 


— gs 1 PRs Y - 


104 LrtcTturtes on NATURAL PHiLOSOPHY, 


I have already obſerved to you, that the valve 


at the bottom of an air-pump is opened by the 


ſpring of the air acting againſt it underneath, when 
the weight of the air is removed from the top of 


the valve, by raiſing the piſton in the barrel. 


In order to remove this reſiſtance from the 
top, the piſton ſhould be made to fit exactly to the 
valve plate, when put down upon it ;. for if there 
be any ſpace between the bottom of the piſton and 
valve, it will retain part of the air; and this air 
(even when the piſton is at the higheſt) will, by 


it's expanſion, in ſome ancaſure, obſtx uct the open- 
ing of the valve. | 


When the air in the receiver, or underneath 
the valve, is rarified toyzan equal degree with the 
air contained in the barrel, (the piſton being 
Urawn up to the higheſt,) the valve cannot riſe, 


becauſe the reſiſtance abave is equal to the power 
below. | 4 


The reſiſtance from this air contained in the 
barre] againſt the valve at the bottom will be uni- 
formly the ſame, while the: piſton is at the ſame 
diſtance from it, becauſe the atmoſphere is conti- 
nually preſſing on the piſton. valve, and will pre- 
yent the air below paſſing through it, while this air 
is rarer than the atmoſphere ; and when the Piſton 
is put down to the bottom of the barrel, it will 
not eſcape through the piſton, but only be com- 


_ preſſed into the vacancy between the bottom of 


the piſton, and the valve plate at the bottom of 


the barrel, and be of equal n, with the atmo- 


ſphere. 
Beſides the reſiſtance ariſing Warm the retained 


zir, you are alſo to conſider that the weight of the 
valve, its tenacity, its coheſion to the plate occa- 


fioned by the oil, and its being ſtretched tight over 


the hole, all increale the obſtruction, eſpecially 
' when 
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- when the ſpring. of the air under the valve is much 


weakened by rarifaction. - 


If the reſiſtance arifing from: theſe cauſes be 
taken into the account, the denſity of the air in the 


barrel, when compreſſed in the above-mentioned 
vacancy, will be as much greater than the denſity | 


of the atmoſphere above the: piſton, as is added 


thereto by this refiſtance, for this obſtruction be- 
longs to both valves. And ſo alſo when this re- 

tained air is expanded, ſay one hundred times, by 
raiſing the piſton, the air in the receiver cannot be 
rari fied to the ſame degree, becauſe of this reſiſt- 


ance of the valve at the bottom of the barrel. 


I) heſe difficulties Mr. Smeaton endeavoured 
to remove, by expoſing a much larger ſurface of 
the lower valve to the air underneath, by placing 
it on a kind of grate, which leſſened the coheſion, 


while from the ſize more pines could apply to open 
| the valve, 


He, in a great meaſure, removed the difficulty 
ariſing from the air retained in the barrel, by mak- 
ing the piſton fit more nicely to the bottom, and 
by taking the weight of the atmoſphere off the piſton ; 


this allowed the piſton valve to open more eaſily, 
o that much more of the air could paſs through it. 


The weight of the atmoſphere was removed 
from the piſton, by cloſing the top of the barrel 
with a plate, on which he fixed a collar offeathers; 
through this the cylindrical part of the piſton- rod 
moves air- tight. And the air, having paſſed through . 
the piſton; is forced out of the barrel through a 
hole in the top plate, over which is a valve to 
prevent the return of air when the piſton deſcends, 
which is made to fit as exactly to the top as to the 
bottom of the barrel, to exclude the air more 


effectually. 


This being underſiogd you will be able to ſte 
more clearly the value of the improvements made 
| on 
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en the air-pump, by the Rev. Mr. Prince, of the 
Maſſachuſet's State, who, judging from attempts 
already made, in order to leſſen the imperfection 
of the valves, that if he could take away the valves 
entirely, the rari faction might be carried on ſtill 
farther; he conſtructed a pump upon that plan. 
To effect this, he removed the lower valve, and 
opened the bottom of the barrel into a ciſtern on 


which it is placed, and which has a free commu- 


nication with the receiver; for the valve en the 
upper plate, at the top of the barrel, (which is 
conſtructed like Mr. Smeaton's, ) makes it unne. 
ceſſary there ſhould be any at the bottom in order 
torarify the air in the receiver.. 5 
The ciſtern was made deep enough to allow 
the piſton to deſcend below the bottom of the 
barrel. If the piſton be ſolid, that is without a 
valve, when it enters the barrel and riſes to the 
top plate (which is made air-tight by a collar of 
leathers,) it forces out all above it; and as the 
air cannot return into the barrel on account of the 
valve on the top plate, when the piſton deſcends 
there will be a vacuum between it and the plate, 
every thing being ſuppoſed perfect. 
But in working the pump, the piſton only 
defcends below a hole in the fide of the barrel, 
near the bottom, which opens a free communica- 
tion between the barrel, ciſtern, and receiver. 
Through this hole the air ruſhes from the ciſtern 
into the exhauſted barrel, when the piſton has been 
dropped below it; and, by it's next aſcent, this 
air is forced out as the other was before. If the 
<apacity of the receiver, ciſtern, pipes, &c. below 
the bottom of the barrel, taken together, be equal 
to the capacity of the barrel, half the remaining 
air will be expelled by every ſtroke. 
| But as working the pumps with a ſolid pifton 
would be laborious, on account of the — 
| Wou 
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would meet with in it's deſcent from the air beneath, 
(though this would be leſſened every ſtroke as the 
air becomes more rarified,) Mr. Prince pierced a 
hole through the piſton, and placed a valve over 
it, which opened with ſufficient eaſe to prevent 
any labour in working the pump, by allowing the 
air to paſs through the piſton in it's deſcent. 

But the eſcape of the air does not neceſſarily 


depend upon a paſſage through the piſton in order 


to get into the barrel; for, when the air becomes 


ſo weak from its rarifaction that it cannot open 
this valve, it will ſtill get into the barrel when the 


communication therewith is opened by the hole 
at the bottom. The piſton will therefore deſcend 


as eaſily as any other, while at the ſame time it's 


valve does not impede the rarifaction. Thus the 
valves, which Mr. Smeaton only made to open with 


more eaſe, are rendered unneceflary towards rari- 


fying the air, while that at the bottom of the bar= 
rel is entirely removed, that on the top plate being 
the only one neceſſary for rarifying the air. ; 

_ - Having thus fet afide the valve, Mr. Prince's 


next attempt was to expel the air more perfectly 


out of the barrel than by Mr. Smeaton's pump; and 


this he effected by making a better vacuum between 


the piſton and the top plate; to allow more air to 


expand itſelf into the barrel from the receiver. 
Removing the preſſure of the atmoſphere from the 
valve on the pump- plate, by means of a ſmall pump 
of the ſame conſtruction with the large one, which 
he denominates the valve- pump; and the air will 


evacuate itſelf ſo much the more, as the valve of 
the piſton opens with more eaſe, which is here - 
the caſe. | | | ! 


For the further peculiarities in this conſtruc- 
tion, I muſt refer you to the original paper of the 
author, as what I have already related is fully ſuf- 
ficient to render you maſter of the principles on 

f 5 On 
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On the lache e in which the air is rarified 
| by a common air- pump. 


AS you are now ſufficiently arquaintsd with 
the fabric and contrivance of the pump, ſo as to 
underſtand in general the manner of its operation, 
I ſhall now enter on ſome parviculars which have 
not been hitherto conſidered. 

It may perhaps on a firſt view not Wem im- 
probable that an equal evacuation is made at each 
ſtroke of the pump, and conſequently that the receiver 
may, after a certain number of ſtrokes, be perfectly 
exhauſted; for it muſt be allowed, if an equal 
quantity of air is taken away at every ſtroke, that 
the receiver will in time be perfectly exhauſted, 
how ſmall ſoever thoſe equal quantities which are 
continually taken away may be ſuppoſed to be. 
Thus, if the air which goes out of the receiver at 
each turn of the pump be but the hundredth part of 
what was at firſt included in the receiver, it 1s cer- 
tain that a total evacuation will be made after an 
hundred turns. That things are thus, may at firſt 
view, I fay, ſeem not improbable; but if we confider 
the matter more nearly, we ſhall find it to be far 
other wiſe. 

Whar I ſhall endeavour to make out to you is 
this; that the quantities exhauſted at every ſtroke 
are not equal, but are perpetually diminiſhed, and 
grow leſs always ſo long as you continue to work 
the pump: that no receiver can ever be perfectly 
and entirely evacuated, how long time ſoever you 
employ for that purpoſe, notwithſtanding that the 
engine be abſolutely free from all defects, and in 
the greateſt perfection which can be imagined. 
It may appear to be a paradox, that a certain quan- 
tity of the air in the receiver ſhould be removed at 
cvery 
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every, turn of the pump, and yet that the whole can 


never be taken away; but 1 hope I ſhall eaſily 


 fatisfy that it is not a miſtake. Laſtly, that I may 


not ſeem too much to depreciate the value of our 
engine, I have this further to ſay for it, that though 
it be impoſſible by its means to procure a perfect 


vacuum, yet you may approach as near to it as you 


pleaſe. By a perfect vacuum here, I mean in re- 
ſpect of air ouly, not an abſolute vacuity in reſpeft 
of every thing which is material; for, not to mention 
what other ſubtile bodies may poſſibly be lodged in our 
receivers, it is matter of fact, that the 1 15 of light 
are not excluded from thence. 

In order to make out theſe affections. I ſhall 
in the firſt place lay down this rule — That the 
quantity of air which is drawn from the receiver 
at each ſtroke of the pump, bears the ſame Pro- 
portion to the quantity of air in the receiver im- 
mediately before that ſtroke, as the capacity of the 
barrel into which the air paſſes from the receiver 
does to the capacity of the ſame barrel and the 
capacity of the receiver taken together. You may 


remember that in each barrel there are two valves, 


whereof the lower is placed at the bottom of the 


barrel, and the- upper is fixed upon the piſton. 
Now the hollow ſpace which lies betwixt theſe 
valves, when the piſton is raiſed as high as it can 


go, is what I call the. capacity of the barrel; for 
the other part of the cavity of the barrel, which 
is above the piſton and the upper valve, is of 


no uſe in evacuating the receiver, and there- 
fore ought not here to be conſidered. Upon a 
like account, by the capacity of the receiver, I 
mean not. only the ſpace immediately contained 
under the receiver, but alſo all thoſe other hollow 
ſpaces which communicate with it, as far as to the 


lower valves: ſuch you may remember are the cavi- 


ty of the pipe which conveys the air to the ore 
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and the cavity in the upper part of the gage above 


the quickfilver. Theſe additional ſpaces are very 


ſmall and inconfiderable : yet if we would be exact, 


they alſo muſt be taken into the account and 


looked upon as parts of the receiver. Now, to 
underſtand the truth of this rule, we muſt obſerve, 
that, as the piſton is moved upwards from the bot- 
tom of the barrel, it would leave a void ſpace be- 
. hind it, but this effect is prevented by the ruſhing 
in of air from the receiver. The air, you know, 
by-it's elaſticity, is always endeavouring to expand 
itſelf into larger dimenſions, ' and it is by this en- 
deavour that it opens the lower valve, and paſſes 
into the hollow part of the barrel as the piſton 


gives way to it; and this it will continue to do, 


till it comes to have the ſame denſity in the barrel 
as in the receiver: for, ſhould its denſity in the 


barrel be leſs than in the receiver, it's elaſtic force, 


which is proportionable to its denſity, would be 


leſs alſo, and therefore it muſt ſtill give way to the 


air in the receiver, till at length the denſities be- 
come the ſame. The air then, which immediately 
before this ſtroke of the pump (by which the 
ſucker is raiſed) was contained in the receiver 
only, is now uniformly diffuſed into the receiver 
and the barrel; whence it appears that the quan- 
tity of air in the barrel is to the quantity of air in 
the barrel and receiver together, as the capacity 
of the barrel is to the capacity of the barrel and 
receiver together. But the air in the barrel is that 


which is excluded from the receiver by this ſtroke 
of the pump, and the air in the barrel and receiver 


together is what was in the receiver immediately 
before the ſtroke. Therefore the truth of the rule 
is very evident, that the quantity of air which 1s 
drawn from the receiver at each ſtroke of the 
pump, bears the ſame proportion to the quantity of 
air in the receiver immediately before that ſtroke, 
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as the eapacity of the barrel into which the air 

ſſes from the receiver does to. the capacity of 
the ſame barrel and the capacity of the receiver 
taken together. To illuſtrate this further by an ex- 
ample, let us ſuppoſe the capacity of the recetver to 
be twice as great as the capacity of the barrel; 


then will the capacity of the barrel be to the ca- 


pacity of the barrel and receiver together as one 
to three, and the quantity of air exhauſted at each 
turn of the pump 1s to the quantity of air which was 
in the receiver immediately before that turn, in the 


' ame proportion. So that by the firſt ſtroke of 


the pump, a third part of the air in the receiver is 
taken away; by the ſecond ftroke, a third part of 
the remaining} air is taken away; by the third 
ſtroke, a third part of the next remainder is ex- 
hauſted ; by the fourth, a third part of the next; 
and ſo on continually; the quantity of air eva- 


cuated at each ſtroke diminiſhing in the ſame 


proportion with the quantity of air remaining in 
the receiver immediately before that ſtroke : for 
it is. very. evident, that the third part, or any other 
determinate. part, of any quantity, muſt needs be 
diminiſhed in the ſame proportion: with the whole 
quantity itſelf. _ And this may fuffice for the 
proof of what I aſſerted in the firſt place, viz. that 
the, quantities exhauſted at every. ſtroke are not 
equal, but are perpetually diminiſhed: . 79 
I I ſhall now proceed to ſhew that the air re- 
maining in the receiver, after every ſtroke, is di- 
miniſhed in a geometrical progreſſion. It has 
been proved that the air remaining in the receiver, 
after each ſtroke of the pump, is to the air which. 
was in the receiver immediately before that ſtroke, 
as the capacity of the receiver is to the capacity. of 
the barrel and receiver taken together; or, in other, 
words, that the quantity of air in the receiver, by 


each ſtroke of the pump, is diminiſhed in the 


proportion 
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proportion' of the capacity of the receiver to the 
capacity of the barrel and receiver taken together: 


each remainder is therefore evermore leſs than 


the preceding remainder in the fame given ratio; 


that is to ſay, theſe remainders are in a geometrical 


progreſſion continually decreafing. Let us return 
again to our former example which may afford a 
fomewhat different light into this matter. The 
quantity exhauſted at the firſt turn, you remember, 
was a third part of the air in the receiver, and 
therefore the remainder will be two-thirds of the 
ume; and for the like reaſon the remainder after 
the ſecond turn will be twe-thirds of the foregoing 
remainder, and ſo on (continually, the decreaſe 
being always made in the ſame proportion of two 
to three; conſequently the decreaſing quantities 
themſelves are in a geometrical progreſſion. It 
was before proved that the quantities exhauſted at 
every turn did decreaſe in the ſame proportion 
with theſe remainders; therefore the quantities 
exhauſted at every turn are alſo in a geometrical 
progreffion. Let it then be remembered, that the 
evacuations and the remainders do both of them 


decreaſe in the ſame geometrical progreſſion. If 


the remainders do decreaſe in a geometrical pro- 
greſſion, it is certain you may, by continuing the 
ægitations of the pump, render them as ſmall as 
you pleaſe; that is to ſay, you may approach as 
near as you pleaſe to a perfect vacuum. But not- 
withſtanding this, you can never entirely take away 
the remainder. If it be ſaid that you may, I prove 
the contrary thus Before the laſt turn of the 
pump, which is ſaid wholly to take away the re- 
mainder, it muſt be confeſſed there was a re- 
mainder; this remainder, by that laſt turn of the 
pump, will only be diminiſhed in a certain pro- 
portion, as has been before proved; therefore it 
was falſely ſaid to be totally taken away. * 8 
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There are three kinds of gages uſed with the 
air pump to meaſure the degrees of exhauſtion; 
the firſt, called the long barometer gage; the ſe- 
cond, the Mors barometer gage, the third, the 
pear gage, or manometer. The two firſt ſhew 
the elaſticity of the fluid in the receiver, but do not 
determine whether it be permanently elaſtic air ; 
the third ſhews the denſity of the air left in the 
receiver, without regarding ſuch vapours as may 
aſſume an elaſtic form in the vacuum, fg. 11, pl. 1. 
The ſhort gage is often made in the form of an 
inverted fol? with one leg open, and the other 
hermetically ſealed; this is ſometimes called Mai- 
bn gage, a © ep) He hs g 

It may not be improper in this place to ſay 
ſomething concerning the gradual aſcent 'of the' 
quickfilver 1n the long barometer gage, upon 
which we have made ſome experiments. You have 
obſerved, that as we continue to pump, the quick 
ilver continues to aſcend, approaching always more 
and more to the ſtandard altitude in the weather- 
glaſs, which you know is about twenty- nine and a 
half inches, being a little under or over according 
to the variety of ſeaſons. What I ſhall now en- 
deavour to make out to you is this: that the defect 
of the height of the quickſilver in the gage from 
the ſtandard altitude, is always proportionable to 
the quantity of air which remains in the receiver: 
that the altitude itſelf of the quickſilver in the 
gage is proportionable to the quantity of air 
which has been exhauſted from the receiver; that 
the aſcent of the quickſilver, upon every turn of 
the pump, is proportionable to the quantity eva- 
cuated by each turn. EEE IRE | 10 

In order to underſtand theſe aſſertions, you 
ae to conſider that the whole preſſure of the at- 
moſphere upon the ciſtern of the gage is equiva- 
lent to, and may be balanced by, a column of quick- 
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filver of the ſtandard altitude. Therefore, when in 
- the gage, the quickſilver has not yet arrived to 
the ſtandard altitude, it is certain the defect of 
quickſilver is ſupplied by ſome other equal force, 
and that force is the elaſtic. power of the air yet 
remaining in the receiver, which, communicating 
(as you remember) with the upper part of the 


gage, hinders the quickſilver from aſcending, as 


it would otherwiſe do, to the ſtandard altitude. 


The elaſticity of the air in the receiver is then 


equivalent to the weight of the deficient quick- 
filver : but the weight of that deficient quickſilver 


\ is proportionable to the ſpace it ſhould poſſeſs, or 
to the defect of the height of the quickſilver in 


the gage from the ſtandard height : therefore the 
elaſticity of the remaining air is alſo proportiona- 
ble to the ſame defect. And ſince it was formerly 
proved, that the denſity of any portion of air iz 
always proportionable to its elaſticity, and the 
quantity in this caſe is proportionable to the den- 
tity, it follows, that the quantity of air remaining 
in the receiver is proportionable to the defect of 
the quickſilver in the gage from it's ſtandard al- 
titude, which was the firſt thing to be proved. 
Hence it follows, that the quantity of air which 
was at firſt in the receiver before you began to 
pump, is proportionable to the whole ſtandard al- 
titude, and confequently the difference of this air 
which was at firſt in the receiver, and that which 
remains after any certain number of turns, that is, 
the quantity of air exhauſted, is proportionable to 
the difference of the ſtandard altitude, and the 
before- mentioned defect, that is, to the altitude of 
the quickſilver in the gage after that number of 
turns; which was the ſecond thing to be proved. 
And from hence it follows, that the quantity of 
air exhauſted at every turn of the pump, is pro- 

portionable to the aſcent of the quickſilver 2 
5 5 \ each 
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each turn, which was the laſt thing to be made 


out. And theſe concluſions do very well agree 
with the experiments, which ſhewed us the quan- 
tity of air that was exhauſted by the quantity of 
water which afterwards ſupplied the vacant place 
of that air in our receiver. Let it then be remem- 
bered, that the quantity exhauſted at each curn is 


proportionable to the aſcent of the quickſilver 


upon that turn; that the whole quantity exhauſted, 
from the time you began to pump, is proportiona- 
ble to the whole altitude of the quickſilver ; that 
the quantity remaining in the receiver is propor- 
tionable to the defect of that altitude from the 
ſtandard, To come now to the application of the 


other experiments which we made this day: we 


found, you remember, that the ſeveral afcents of 
the quickſilver in the gage, upon every turn of 
the 2 were diminiſhed in a geometrical pro- 
greſſion; and it has juſt now been proved, that the 
quantities of air exhauſted at each turn, are pro- 
portionable to thoſe aſcents. Therefore, we may 
ſafely conclude, from experiment alſo, what we 
before collected by a train of reaſoning; that the 
quantities of air exhauſted at every turn of the 
pump are diminiſhed continually in a geometrical 
progreſſion. Furthermore, ſince thoſe aſcents are 
the differences of the defects from the ſtandard 
altitude, upon every ſucceſſive turn of the pump ; 
it follows, that the defects alfo are in the ſame 4 
creaſing geometrical progreſſion. For it is a general 
theorem, that all quantities, whoſe differences are 
in a geometrical progreſſion, (ſo long as the quan- 
tities continue to have any magnitude, ) are them- 
ſelves alſo in the ſame geometrical progreſſion. 
The defects being then in a decreaſing geometrical 
progreſſion, and the quantities of air remaining in 
the receiver being proportionable, (as was lately 
proved) to the defects; it follows from the ſame 
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experiments, that the quantities of air which re- 
main in the receiver after every turn of the pump, 
do decreaſe in a geometrical progreſſion; which 
was the other thing ehe ed alſo by a train of 
reaſoning. | 

The ſhort gage, (fe. I; at 3 confill of a 
tube ſix or 8 inches long, filled with mercury, and 


inverted in a ſmall baſon thereof, in the ſame man- 


ner as the common barometer; in this the mer- 
cury does not begin to deſcend till about three- 


fourths of the air is exhauſted, after which it be- 


gins to ſhew the degree of exhauſtion, which is in 
proportion as the height of its column to the height 
of the mercury in the common barometer, _ 

The Porr. Fi, (Ng. II. Pl. I.) would be the 
moſt accurate of any, if it were not that moſt fluid 
ſubſtances, as has been fully proved by Mr. Nairn, 
aſſume an elaſtic form; when the preſſure of the 
atmoſphere is removed, it therefore ſeldom indi- 
cates the elaſticity or actual preflure of the fluid 
remaining in the receiver. 

By this gage, Mr. Nairne diſcovered that 


ſeveral ſubſtances, when placed under a receiver, 


will, during the time of exhauſtion, emit a kind 
of vapour or. damp, which, by it's expanſion, will 
drive and force out moſt of the permanent air, 
but that when the preſſure. of the air is reſtored, 
this vapour loſes it's expanſibility, and is condenſed 
into it's former ſtate. 

Hence this gage will ſometimes indicate 
that all the permanent air is exhauſted out of the 
receiver except about +3455 part, when other 
| gages do not ſhew a degree of exhauſtion of more 
than 200 times, ſometimes much leſs. 

The pear-gage, (fig. 11. pl. 1,) conſiſts of a 
bulb of glaſs, ſomething in the ſhape of a pea, 
and ſufficient to hold about half a pound of quick- 


ſilver: it is open at one end, and at the other 2 
| tube, 
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tube, hermetically cloſed at the top. By the help 
of a nice pair of ſeales you find what proportion 
of weight a column of quickſilver, of a certain 
length, contained in the tube, bears to that which 
filled the whole veſſel: by theſe means you will be 
enabled to mark diviſions upon the tube anſwering 
to a tooth part of the whole capacity; which, 


being about one-tenth of an inch each, may, by 
eſtimation, be eaſily ſubdivided into ſmaller parts, 


This gage, during the exhauſting of the receiver, 
is ſuſpended therein by a flip wire. When the 
pump is worked as much as ſhall be thought ne- 
ceſſary, the gage is puſhed down till the open end 
is immerged in a ciftern of quickſilver placed un- 
derneath ; the air being then let in, the quickſilver 


will be driven into the gage till the air remaining 
in it becomes of the ſame denfity with the exter- 


nal; and as the air always takes the higheſt place, 
the tube being uppermoſt, the expanſion will be 
determined by the number of diviſions occupied 
by the air at the top. | | EI 


Mr. Nairne put the ſhort barometer-gage, and 


the pear-gage, with a glaſs cup having a wooden 


foot, both together under the receiver, which re- 
ceiver was placed on a leather ſoaked in oil and 


tallow, on the plate of the pump; the pump was 
then worked for ten minutes, and the quickfilver 
was brought down in the ſhort barometer-gage to 
about one-tenth of an inch of the ſurface of the 
quickſilver in the ciſtern, and roſe, in the long 


barometer-gage to within one-tenth of an inch of 


the height of the quickſilver in a ſtandard ba- 
rometer, which was at- that time at thirty inches ; 
by which it appeared, that the preſſure on the ſur- 
face of the quickſilver in the ciſtern, and in the 
tube of the long barometer-gage, was diminiſhed 
to about a 3ooth part: the pear-gage being now 


puſhed down till it's 1 was immerſed un⸗ 
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der the ſurface of the quickſilver in the cup, the 
air was then let in, and the pump appeared by that 
gage to have exhauſted all but a 6,000th part of the 
air; or, in other words, the degree of exhauſtion 
by this gage appeared to be fix thouſand times. 
Mr. Nairne made many other experiments, all 
manifeſting a conſiderable diſagreement between 
the pear and other gages. Theſe differences Mr. 
Cavendiſh accounted for in the following manner: 
It appeared,” he ſaid, from fome experiments, 
that water, whenever the preſſure of the at- 
moſphere on it is diminiſhed to a certain degree, 
is immediately turned into vapour, and is as 
immediately turned back again into water on 
reſtoring the preſſure. This degree of preſſure 
is different according to the heat of the water: 
when the heat is 72? of Fahrenheit's ſcale, it 
turns into vapour as ſoon as the preſſure is no 
greater than that of three quarters of an inch 
of quickſilver, or about one-fortieth of the 
uſual preſſure of the atmoſphere; but when the 
heat is only 41%, the preſſure muſt be reduced 
to that of a quarter of an inch of quic kſilver, 
before the water turns into vapour. It is true, 
that water expoſed to the open air will evaporate 
at any heat, and with any preſſure of the at- 
moſphere; but that evaporation is entirely 
owing ts the action of, the air upon it: whereas 
the evaporation here ſpoken of, is performed 
without any aſſiſtance from the air. Hence it 
follows, that when the receiver is exhauſted to 
the above-mentioned degree, the moiſture ad- 
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hering. to the different parts of the machine 


© will turn into vapour and ſupply the place of 
the air, which is continually drawn away by the 
working of the pump, ſo that the fluid in the 


pear-gage, as well as that in the receiver, will 


conſiſt in good. meaſure of vapour. N 


ow let- 
« ting 
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& ting the air into the receiver, all the vapour 
te within the pear- gage will be reduced to water, 


te and only the real air will remain uncondenſed; 
« conſequently the pear-gage ſhews only how 


« much real air is left in the receiver, and not how 


« much the prefſure or ſpring of the included 


« fluid is diminiſhed; whereas the common gages 


« ſhew how much the preſſure of the included 
« fluid is diminiſhed, and that equally, whether it 
« conſiſt of air or of vapour.“ 


Mr. Cavendiſh having explained ſo fatisfac- 


torily the cauſe of the diſagreement between the 
two. gages, it appeared that if moiſture were 


avoided as much as poſſible, the two gages would 


nearly agree, which was proved by a variety of ex- 
periments, from which the following are ſelected: 
The plate of the pump being made as clean 


- 
= 


and as dry as poſſible, there was then'put on it the 


before-mentioned ſhort barometer-gage, alſo the 


pear-gage, with a ciſtern entirely of glaſs, which 


held the quickfilver ; they were then covered with 
4 receiver, round the outſide of which was laid a 


cement, which perfectly excluded the outward air: 


every part before it was put under the receiver, 


as well as the receiver itſelf, being made as clean 


and as free from moiſture as poſſible.* The pump 
was then worked for ten minutes, and the baro- 
meter-gages indicated a degree of exhauſtion 
nearly 600 : the air was then let into the receiver, 
the pear- gage indicated a degree of exhauſtion, but 
very little more than 600 alſo. The near agree- 
ment of the pear-gage with the barometer-gages, 
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It may be proper here to take notice, that the pump in 
every ny ee hereafter- mentioned was worked ten minutes, 
and the ſame receiver continued cemented to the pump- plate, 
except where it is otherwiſe mentioned. The op part of this 


tece iwer Was made to open, in order to put in different things, 
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in this laſt experiment, in which moiſture wag 
excluded as much as poſſible, ſeemed to prove 
beyond a doubt, that their diſagreeing muſt have 
been owing (as Mr. Cavendiſh ſuppoſed) to the 
moiſture which in them had not been ſo carefully 
excluded. But, as there might ariſe a vapour from 
ſome moiſture that might be contained in the 
leather ſoaked in oil and tallow, or in.the wooden 
foot which was cemented to the glaſs cup, the fol- 
lowing experiments were tried: Þ 

A piece of leather dreſſed in allum, known 
by the name of white ſheep-ſkin, of about four 
inches diameter, which had been ſoaked. in oll 
and tallow about a year ago (fuch as was uſed to 
place the receiver on in the firſt and ſecond expe- 
riments) was put into the receiver; the pump 


was then worked, and the barometer-gage indi- 


cated a degree of exhauſtion of nearly 300; but 
on the admiſſion of the air the pear-gage indicated 
a degree of exhauſtion of 4,000. 5 

I! be piece of leather being taken out, the 
pump was then worked, and the degree of ex- 
hauſtion appeared by both the barometer and pear- 
gages to be about 600, as in the third experiment. 
A cylinder, made of a piece of box wood, 
Which had been kept for more than a year, one 
inch in diameter, and three inches in length, was 


put into the receiver (this piece of, wood was of 


the ſame kind as that which was cemented. to the 
foot of the glaſs cup uſed in the firſt and ſecond 
experiments, ) the pump was then worked, and the 
degree of exhauſtion appeared by the barometer- 

gage to be 3oo, but by the pear-gage 16,000. 
Theſe experiments were often repeated, but 
the reſult was ſeldom the ſame. When leather 
ſoaked in oil and tallow has been put into the re- 
ceiver, the pear-gage has ſometimes indicated a 
degree of exhauſtion of 20,000, and ſometimes 
| | | | no 
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no more than 500; it like 
with the box- wood, which 
to different degrees of heat 

From theſe experime 
there ariſes an elaſtic vap 
dreſſed in allum and ſoaked 
alſo from the piece of box-\ 
of the atmoſphere has bee 
the action of the pump; 
preſſes upon the ſurface of 
tube of the long barometer 
the ciſtern of the ſhort one; 
the teſtimony of both the: 
fluenced by this vapour, as 
remainder of common air: 
of the pear- gage not to give 
remaining air contained in 
become of the ſame denſit 
and as this vapour cannot 


vapour under that preſſure, 


influenced by it, but indicate 
tity of permanent air only. 
1 1 1 , * TS. 


Precaution for accur. 


8 From the foregoing exp 


that when accurate experime 


receiver muſt” not be placec 
olled or ſoaked in water; bu 


pump ſhould be made as dry 
of the receiver ſhould be di 


a warm cloth: the receiver 1 
the plate, and hog's lard, e 
with oil, be ſmeared round it* 
theſe precautions, the pump 
power of exhauſtion, and wh 


ceiver, which the pump wou 


be permanent air. 
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it likewiſe differs very much 


which may perhaps be owing 
of heat and moiſture. 


periments, it is evident that 


tic vapour from the leather 
ſoaked in oil and tallow, and 


f box-wood, when the weight 


1as. been partly taken off by 
dump; and that this vapour 
face of the quickſilver in the 


rometer-gage, and of that in 


rt one; and that, conſequently, 
oth theſe gages muſt be in- 
our, as well as by the ſmall 
on air: but as it is the nature 


to give it's teſtimony till the 


ned in it is preſſed, ſo as to 
e denſity of the atmoſphere ; 
cannot ſubſiſt in the form of 
eſſure, this gage is not at all 
indicates the remaining 1 
x Oy 


or accurate exhauſtion. 


Ning experiments, it is evident 
gt Fay are required, the 

e placed upon leather, either 
22 but that the plate of the 
e as dry as poſſible, the inſide 
1d be dried and rubbed with 
eceiver may then be ſet upon 
lard, either alone or mixed 
round it's outſide edge. With 
e pump will ſhew it's greateſt 
and what remains in the re- 


amp would not exhauſt, will 


Particular 


— 
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any experiments, where vapour has been generated, 
to clear the pump of it, before any other expe- 


riments are attempted ;. for this fluid or vapour re- 


mains not only in the receiver, but alſo in the 
itabes and barrels of the pump, and will, when the 
air is again rarified, expand as before. 
To clear the pump of this . erg take a 
large receiver, and, wiping it as before directed, 
_ Exhauſt it as far as poſſible. The expanſible va- 
pour which remained in the barrels and the pipes 
will now be diffuſed through the receiver, and 
conſequently will be as much rarer than it was 
| before, as the aggregate capacity of the receiver 
is larger than that of the pump and pipes. If the 
receiver be large, one exhauſtion will be-ſufficient 
to clear the pump ſo far, that what remains can 
be of no conſequence. If the receiver be ſmall, 
the operation ſhould be repeated two' or. three 
times. . „„ 
It may be proper to obſerve here, that for the 
beſt pumps, the plate and the edges of the re- 
ceivers are ground ſo true, as not to require any 
leathers; hut as ſetting the receivers dry upon the 
plate is apt to ſcratch and ſpoil it, you, will find 
it always uſeful to ſpread a little hog's Tird or tal- 
low upon their edges. This prevents the edges 
of the receivers from damaging the plate, and 
does not emit any vapour. 


— 


— 
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Particular care ſhould be taken, after making 
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LECTURE IV. 
Ox THE NATURE and PRO ER TES or Ars. 
1 writing theſe Lectures, have had four points 
in view. 1. To fupport and ſhew that there 


is a ſtrict alliance between natural, moral, and fa- 
cred philoſophy. To uf the words of a man of 


the firſt abilities, The great Author of all things, 


viewed in every poſſible relation to man, ſhould 


ever be the object to which all our ſtudies and 


inquiries converge, as the center of all truth, and 
the fource of all being and perfection. Whatever 


has not an unvaried regard to him, deviates . from 
it's true line and direction, and muſt lead to error 


and mental depravation;””* whereas a proper view 


of philoſophy will ſhew you, That whatever is 


permanent in outward nature—whatever is immu- 
tably trae in morals or in politicks, oweth it's per- 
manency and truth to the eternity and immuta- 


; bility of the divine cauſe of all things—the Creator 


of outward nature - the Father of all moral beings— 
the Author of all good government. That what- 


ever is Jouganſer able in any of the ſciences hat- 
ever is ce in in any of the arts dependent on 


thoſe ſciences, derives it's clearneſs in theory, and 
it's certainty in practice, from the felf-evident prin- 
ciples of mind, whoſe fountain is the Divine 

ence.” | — 
Natural philoſophy, in it's proper extent, ſober 
uſe, and application, is a noble ſcience ; but to 


confine it to nature, matter, motion, and mecha- 


niſm, excluding morality and theology, is to con- 
tract, to degrade, and debafe it below the meaneſt 
occupation of life. e 


Bertington's Immaterialiſm delineated, 


2. To | 


* 


. 
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2. To render this work a kind of natural 
and practical logic, that ſhall enable you to diſ- 
tinguiſh what is ſound and ſolid, from what is 
hollow and vain. To prevent an undue attach- 
ment to any ſyſtem, and to counteract the influence 
of names and authority, in a ſcience where free 
diſquiſition ſhould be allowed in it's full extent, 


and where candour and ſerenity ſhould always pre- 


vail. 

Sorry I am to ſay, that philoſophy i is ſtill too 
much governed by an intolerant ſpirit which ob- 
ſtructs the advancement of ſcience, and obliges it 
to run in one narrow channel. And ſuch is the 
zeal of it's profeſſors, that they can ſeldom bear 
to have thoſe principles canvaſſed which they have 

adopted. Thus proving, that they are void of 
that ſpirit of inquiry and liberality, which, by 


exciting the mind to trace up effects to their cauſes, 


becomes the parent of diſcovery. # 
_ Happy ſhall I eſteem myſelf if theſe remarks 
ſhould lead you to a purer love of truth ; and that, 


inſtead of inquiring who it is that writes, you 


would attend only to what 1s a and learn to 


terms it, „% The giddy agitation wt, whi 
argument, in which victory i is more Col 
than truth.“ 


. To point out to you the e of - 


human reaſon, and by ſhewing you how ſmall a 
way we penetrate into the nature of things, induce 
you to obſerve carefully and judge cautiouſly ; en- 
gage you to proſecute your refearches into nature, 
with a juſt conviction of the fallacy of your 
ſenſes, and the limited powers of your under- 
ſtanding ; to diſcourage the vain defire of ac- 
counting for all phenomena. Many phenomena 
in nature are unaccountable, and we muſt ſome- 

times be humble enough to admire what we can- 
fs, not 
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not underſtand ; as we ſurvey the ocean with plea- 
ſure, though we cannot ſee the bottom of it. 
Conſcious, - therefore, of the fallibility which 
attends: the beſt exertions of human reaſon; ſen- 
ſible of the darkneſs under which the author of all 
knowledge hath left ſome of it's moſt intereſting 
and important parts ; and convinced that, as the 
ſearch: after truth is your duty, and will conſtitute 
a great portion of your happineſs, you will al- 
ways enter upon the taſk with humility, with 
diligence, with deſire, and all the beſt affections 
of the heart and underſtanding ; with hope, and 
indeed with fear. For ERROR is open with a 
thouſand ways (whereas TRUTH has only one), and 
as an enemy in-ambuth, is prepared on all occafions 
to turn you aſide from the direct and ſucceſsful road.* 
.,. You may be aſſured, that a philoſophy which 
makes human reaſon the meaſure of all things, 
inſtead; of being founded on enlarged and ſuperior 
knowledge, ſtands on the narrow bottom of igno- 
rance, and as it riſes in vanity, will increaſe in ab- 
fad. · 1:4 ror og ai 
4. To exhibit in a natural and eaſy manner (as 
we have already informed you) the principal and the 
moſt important of natural phenomena, to account 
for their cane, and to illuſtrate both by experiments. 
It is to be hoped, that from the manner of 
treating theſe ſubjects, your judgment will receive 
an acceſſion of ſtrength and acuteneſs, which it 
may ſucceſsfully. employ upon other objects and 


upon other occaſions, 


Or OBSERVATION AND EXPERIMENT. . 
As in a former lecture I ſhewed you the dan- 
ger and impropriety of indulging conjecture and 
* Tatham's Chart and Scale of Truth, p. 16. 


1 
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framing hypotheſes, I ſhall now on the other ſide, 


in purſuance of my deſign, commence this lecture 


with ſome remarks on the qualities that diſtinguiſh 


an obſerver of nature from a mere experimen- 
talift, and point out the diſadvantages that may 


_ * accompany both obſervation and experiment, if 
either be too rigidly adhered to, or uſed indepen- 
dent of the other. Neither obſervation nor ex. - 


periment are however to be neglected; they are 
two fifters which have a reciprocal neceſſity for 
each other's aſfiftance. — | 

The perſon who is beſt adapted by nature 


for making philoſophical experiments, is gene. 


— 


rally the leaſt fitted for drawing concluſions from 
them. There is a minuteneſs, an exactneſs re- 
quired in an experimenter, which ſhould not enter 


too much in his compoſition, who collects and 


applies the reſults ariſing from experimental in- 
The experimentalift is always diſcovering 


little differences, contriving methods to examine 


objects in ten thouſand various ways, and to diſ- 
tinguiſh one thing from another. by all poſſible 
But the perſon who applies theſe experiments 
to the ſupporting or explaining any phenomena in 


nature, ſhould be one who ſees many things in one 


view, and comprehends the reſult of many effects 
ſpringing from the ſame cauſe, and who overlooks 


the trifling differences from the accidents of time 


and place. . _ : 
Ihe experimenlaliſt beholds all nature as par- 
ticles of duft diſunited from, and uninfluenced by 
one another; each a world of it's own, with pro- 
perties and qualities peculiar to itſelf. =D 

The olſerver ſees all nature as united, a8 


* 


actuated and moving upon one common pr in- 


ciple, 
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ciple, and all the parts as conſpiring to form one 
whole. „ | „ 
They are thus excellently diſcriminated by Lord 
Bacon: © The great and radical difference of capa- 
cities, as to philoſophy and the ſciences; lies here ; 
that ſome are ſtronger and, fitter to obſerve the 
differences of things; others their correſponden- 


cies: for a ſteady and ſharp genius can fix it's 


contemplations, and dwell and faſten upon all the- 
ſubtilty of differences, whilſt a ſublime: and ready 
genius perceives and compares the ſmalleſt and 
moſt general agreements of things ; but both kinds 
eaſily fall into exceſs, by graſping either at the 
dividing ſcale, or ſhadows of things. The former 
is ſo taken up with the particles of things, as al- 
moſt to neglect their ſtructure, whilſt the other 
views their fabrication with ſuch aſtoniſhment, as * 
not to enter into the-fimplicity of nature.“ - 
The material world is an immenſe body, com- 
poſed of an infinite number of parts, ſo inter- 
woven together as to unite in one common center. 
There is no inſulated fact in nature; they are all 
relative, having a double reference, as effects to 
their cauſes, and as cauſes to their effects. It is 
the buſineſs. of philoſophy, to point out what ap- 
parently {ſeparates the parts, and how they are con- 
nected, and to trace theſe connections to the 
principle of unity, which harmonizes and connects 
all the works of creation. ERS Of 
I will endeavour to render this important 
view of philoſophy more clear to you, by an ex- 
tract from a work of the Rev. Mr. Jones; a writer 
in whom you will find great originality of ſenti- 
ment, expreſſed with energy and caſe; in whoſe 
hands the moſt abſtruſe ſubjects are always ren- 
dered plain and clear. Nature,“ ſays he, * is a 
ſyſtem of parts related, and every part ſhould be 
abs 5 . conſidered 
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conſidered under this relation,“ without which, 


neither the nature nor deſign of it can be under. 


ſtood. Take the leg of a man, and conſider it 
without any regard to the body it belongs to, it 
will then have no meaning in it, neither can he 
that examines it underſtand any thing more of it 
than it's ſubſtance and figure. But, if you con- 


fider the ſame member with it's pelation' to the 
body, then 'you diſcover with admiration, Firſt, 
That it's veſſels are ſupplied, with the animating 


fluids of blood and ſpirits, which keep up the 


animal life in it. Secondly, That it's muſcles are 
connected with the ſuperior parts, from whence 


they derive their faculty of motion. Thirdly, 
That it is framed with due ſtrength and exact pro- 


portion to the weight of the' body, to preſerve it 


in an erect poſition, and tranſport it from place 
to place, A limb, conſidered under theſe rela- 
tions, is a wonderful ſubject, worthy to be ad- 
mired by the anatomiſt and philoſopher. But if 
you ſeparate it from the body, it is dead, motion- 
leſs, and uſeleſs. It is the ſame with any member 


of the frame of nature, even ſo much as a ſingle 


atom, if taken independent of the reſt. If we 
build a ſyſtem on matter ſo independently con- 
ſidered, we ſhall raiſe ſuch a world as never did, 
nor can exiſt; and which, after all our "pains, will 
be as empty as it 1s arbitrary. * 

The experimentaliſt is apt to err in another 
point, and deſpiſe all ſyſtems, becauſe he has 
neither compaſs of thought, nor extent of genius 
to ſee and embrace the idea of many conſequences 
from ne He conſiders the author of a 

EE ſtems 


* Man, who is the ſervant 255 e of nature, can 
act and underſtand no further than he has, either in operation or 
e ono obſerved of che method and order of nature. 
Bacon, Nov, Org. Aph. 1. 
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ſyſtem as a viſionary in philoſophy, and one Who 
is forming a new world of his own. by the com- 
bination of incongruities: he, therefore, conti- | 
nuallyl abours at making new links, without ever 
forming them into a chain. 0 


N 4 


On the other hand, the ſyſtematic writer too 


mn 4 


olten contemns the limited conceptions of the expe- 
rimenter; he conſiders him like a worm that, creep- 
ing from one mole-hill to another, fancies: each 
to be a diſtinct world, not ſeeing the common 

baſis which unites: and ſu ports them. Mn 
fails, therefore, in framing his ſyſtem, from inaty 
tention to, and neglect of, experimental inquiries; 
and his dane tumbles into ruin, as it wants 
thoſe pegss which, though ſmall, are neceſſary to 
hold he yhole together. oo 
_ Having ſhewn you the 17 85 that attends 
a too rigid attachment to the ſyſtematic or expe- 
rimentał mode of examining natural phenomena, 
I may proceed without fear to trace the further 
properties of air. This fugacious element is a 
rich, and almoſt inexhauſtible mine of knowledge, 


and your labours therein, if vigorouſly continued, 
will not fail of their reward. 1, 


1 5 T0 3 (41+; rin 14 " $f 2 . '4 I 
Or THE AIR LODGED IN THE PORES or DIFFERENT | 


£ 
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Four methods are uſed to extract air from 
the pores of thoſe bodies in which it is engaged. 
1. By heating the bodies: 2. By cooling them: 
3. By placing them under the vacuum of an air- 
pump: 4. By diflolving them in ſome menſtruum. 
1. By heating the ſubſtance, we: may extract 


dhe air that is contained in the pores.thereof. The 


heat dilates the air ſo much, that it cannot. be con- 
nined-in the pores of any ſubſtance, whole,, pores 
do not expand in the ſame proportion. Hence it 
is that you ſee it eſcape from meat and fruits while 

Vol. I. ; K Toaſting, 
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roaſting, from wood in burning, and from fluids tl 
in boiling. In the laſt inſtance you fee the air 0 
which is rarified by the heat forming itſelf into u 
bubbles, and traverſing the 22535 in order to eſcape A 
at it's farface. | a 
2. When any ſubſtance is confiderably cooled, tt 
it is condenfed, and it's parts are brought cloſer to. 2 
0 | it's pores are conſequently leſſened, and WM 11 
e air is forced out, as we force the water from a vi 
ſpunge, by comprefling i 5 c: 
J. The air which is lodged in the pores of an; ir 
ſubſtance is diſengaged when they are kept for | 
ſome time in the vacuum of an air-pump : when as 
the preſſure of the atmoſphere is removed by the fi 
air-pump, the air that was confined by that preſ. fr 
ſure to the bodies is let looſe. This I ſhall illuf pi 


trate by a N of experiments on different ſub- an 


1 he 
5 The air may be difengaged how many 4 
ſubſtances by diflotving them in ſome menſtruun; Wl pi 
for the particles of the body that is diſſolved, be- 
ing diſunited and ſubdivided by the diſſolvant, 
the air is no longer confined, and therefore eſcape: 
with facility, as you ſee, when ſugar is diſſolving in 
water, and which 1 ſhall further illuſtrate 1 in the 
courſe of this lecture. 
The firſt experiment I ſhall aw you on this 
ſubject; will be with the clear water in this ja, 
which I ſhall place on the plate of the pump un- 
| der a receiver: as ſoon as the air is a little en. 
hauſted, that which is contained in the water 
begins to expand and riſe in bubbles, which paß 
through the water; they are fmall at firſt, but 
grow larger as they riſe to the top of the water; 
and they will continue to riſe, though more ſlow!y, 
almoſt as long as the pump continues to work, 
I ſhall now take away this jar, and place an- 


other with warm Water under tt e receiver: when 
8 Ui 
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the preſſure of the air is taken off from the ſurface 

of the water, that which was contained therein 
unites in the form of, bubbles; and, being acted on 
at the ſame time by the heat, the bubbles expand 
and riſe with ſo much violence as to carry with 
them a thin portion of the fluid, and occaſion an 
appearance of ebullition on the water, ſimilar to 
that of boiling. When the fluids. are of a more 
viſcous nature, as beer, ale, &c. the bubbles of air 
cannot burſt their caſes, and the fluid is formed 

u ̃ œùn J n . —Ü OCC yo. 
I place a jar of new ale under the receiver ; 
as ſoon as I begin to work the pump the ale is 
filled with bubbles of air, which rife copiouſly 


from every part; and, being coated with the viſcid 


particles of the ale, are prevented from burſting, 
nas form on the ſurface thereof a white frothy 
_— a. „ 
Hlere are a variety of ſubſtances that I have 
put into different jars with water, in order to place 
them under a receiver and exhauſt the water theres 
from The air lodged in the pores of theſe ſub- 
ſtances is as denſe as that of the ſurrounding at- 
moſphere, becauſe it ſuſtains, and is a counterbal- 
lance to the preſſure thereof: as ſoon, however, 
as it is freed from this preſſure, it expands and 
eſcapes in great quantities from the pores in which 
it was con fined. The water is uſed to render the 
eſcape of the air viſible; the air, as you have ſeen 
in the preceding experiments, aſſumes in it's paſ- 
ſage the form of ſo many globules, a ſhape that 
any other fluid would aſſume where it is preſſed 
equally in every direction by another fluid. The 
water you uſe in theſe experiments ſhould be pre- 


viouſly deprived of it's air, either by extracting it 


therefrom by an air-pump, or by boiling it, which 


will anſwer equally well. 


Let us place this new-laid egg (that is in a jar 
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covered with water) under a receiver. As I work 


the pump the ſurface of the egg is covered with 


ſmall pearly bubbles of air, which ſeparate by de. 
grees, and riſe to the ſurface of the water: at cer. 
tain parts of the egg yo perceive fmall jets of air, 
which are formed by a continual fucceſſion of theſe 
globules. The ſhell of an egg is porous, and in 2 
ew days a part of it's internal fubſtance will eva. 

' 33 this is foon replaced by the air which 
urrounds it. The air contained in the egg wil 
not eſcape ſo long as it is retained by the preſſure 
of the atmoſphere; but, when this preſſure is di- 


_  miniſhed, then the internal air expands, and endea- 


vours to paſs out, and thus difcovers to us the pores 
in the ſhell. I ſhewed you in Lecture H. p. 32, 
the bubble of air at the large end of the egg, 
which bubble is one of the means uſed by nature, 
for bringing to perfection the chicken which is 
contained in embryo, in what we uſually call the 
treadle of the egg. The warmith communicated 
by the hen to the air in this bubble expands and 
puts it in motion; the air reciprocally preſſes on 
and communicates this motion to the egg, which, 
in fome unknown manner, promotes the formation 
of the chicken. When the large end of the egg 
feels cold to the tongue, it is a proof that the egg 
is bad, that the air and milky ſubſtance thereoſ 
has eſcaped; in conſequence of which the egg 
becomes ſtale, putrid, or addled. M. Reaumur, 


the famous French naturaliſt, who feldom confined 


his ſpeculations to mere curioſity, has ſhewn, that 
by ſtopping up the pores of an egg with varniſh, 
or a ſlight covering of mutton ſuet, it may be pre- 
ſerved perfectly freſh, and generally even fit for 
incubation five or ſix months after it has been 

This piece of wood is fixed to a weight, to 
keep it immerged in the water. I place it in 


»% 
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jar under the receiver, and the air contained in the 
pores of the wood riſes in great quantities in fine 


from moſt ſubſtances, which you may try at your 
Here is a long piece of wood fixed to this 


piece of braſs; the braſs ſerves to cover the top 
of an open receiver: the long part of the piece of 


wood js innnerged in the jar of water, (Hg. 1, pl. 3, 
while the upper part is expoſed to the open air. 


Pace your fhumb upon. the rap. of. the: ood. to 


cut off it's communication with the air; while I 


work the pump, you ſee the air contained in the 


pores of the wood ruſ through the water, as in 
the preceding experiment. Take off your thumb, 
anda vaſt ftream of air flows in through the wood; 
by alternately - taking away, and placing your 
thumb on-the wood, you will alternately interrupt 
and permit the influx of air. This experiment 


thews that wood is peryious to air, and that the 


courſe. of the air-veſlels is lengthwWiſe. 
This wooden cup is contrived. to fit on the 
top of an open receiver: to the hottom of this 


cup a piece of wood is fitted (ig, 3, Pl. 3.) I 


Mall place the cup upon an open receiver, pour 


ſome quickſilver in it, and then exhauſt the air 


from the receiver. This being ſufficiently ex- 
hauſted, I pull out this plug, which lets the mer- 
cury come to the top of the piece of wood: the 
ar you ſee forces itſelf through the pores thereof 
in ſuch fine ſtreams, as to form a ſhower of filver. 


Here is another cup furniſhed at bottom with a 


piece of buff-ſkin ; by placing this on a receiver, 
and exhauſting the air as before, we procure. an- 
other ſhower of mercury. 1 1 


A piece of wood, conſidered according. to 


is length, is a collection or bundle of fibres in- 
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cluded within the bark, which ſerves as a common 
tegument: how ſmall ſoever theſe ligneous fibres 
may be, it is plain, from the preceding experi. 
ments, that there are interſtices between them, 
forming ſo many little canals or tubes through 
which the air and quickſilver paſſetn. 
It is owing to the poroſity of wood that it is 
liable to ſuch a variety of changes in it's volume 
or bulk. It is hence that wainſcotting in ney 
buildings, and other joiners* work, which are not 
made of ſeaſoned ſtuff, often cleave with a great 
crack, and the joints loſe their exactneſs and ſo- 
lidity, and many other inſtances that will eaſily 
occur to your recollection; for all theſe effect 
ariſe from an increaſe of dimenſion by moiſture, 
or diminution by dryneſs. The experiment with 
a piece of buff-ſkin proves the extreme po- 
roſity of the ſkin of animals: the quantity of 
matter which is thrown off from the human body; 
through the pores, is really ſurprizing. From the 
experiments of Sanctorius, and others, it appear, 
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that of eight pounds of nouriſhment, which a man n 
may have taken in twenty-four hours, inſenſible ly 
tranſpiration carries off five of them. 11 ye 
_ Here is a ſmall piece of wood cut ſmooth re 
at each end, and immerged in a baſon of quick- at 
ſilver; theſe I place under a receiver: on exhauſt- ſu 


ing the air, what is in the wood flies out of the 
pores paſſing 1 the mercury; on letting i 
the air again, it will fall with ſo much force upon 
the mercury, as to inject it through all the pores of 
3 8 
It is very probable that Ruiſch and Lieberkuhi 
made uſe of the preſſure of the atmoſphere for 
injecting fluid ſubſtances into the ſmaller veſſels ol 
the human body, which has rendered ſome of their 
anatomical preparations ſo famous. The _—_ 
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they uſed is not known, but a Dr. Beuth is ſaid 
to have recovered it, and deſcribed the manner.* 
There only remains to ſhew you that the air 
contained in the pores of different ſubſtances, may 
bediſengaged by diſſolving them in any menſtruum. 
The particles of the body to be diſſolved are diſ- 
united and ſubdivided by the diſſolvant, and, the 
air being no longer confined, eſcapes with facility, 
The following experiment, whach you may make 


any where, wants no apparatus but a'tumbler 


of water and a deep diſh or baſon. As the expe- 
riment is of conſiderable importance, and the ex- 
pert management thereof will be neceſſary when 
you come to conſider the nature of claſtic fluids, I 
ſhall be very full thereon, To e 


To convey AIR FROM ONE VESSEL TO ANOTHER. 


Take any common glaſs receiver, vial, &c, 
fill it; put your finger, or open hand, on the mouth 
of it, ſo as not to let any water drop out, and in- 
vert it in @ baſon of water; taking care that the 
mouth of the veſſel may be a little way below the 
ſurface of the water in the baſon: then flip away 
your hand, and the glaſs veſſel will, as you ſee, 
remain filled with the water. The weight of the 
atmoſphere preſſing upon the water in the baſon 
ſuſtains the water in the glaſs. IT 

If I wiſhed to introduce ſome common air 


into this glaſs receiver filled with water, which 


ſtands in a deep veſlel of water, and preſerve it 
there detached trom the general maſs, I proceed 
in the following manner: I take a ſmall veſſel, as 
{his tea-cup, filled only with air, plunge it in the 
water of the baſon with the mouth downwards, 
which prevents the air from eſcaping ; I then lift 
the glaſs from the bottom of the baſon, but not 
| K4 o 
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ſo high as to come out of the water, bringing the 

cup under it, and then turning the mouth thereof 

downwards; the air is then forced out of it by the 

Water, and aſcends to the upper part of the glaſs: 

being here confined by the water, you may keep 

it for any length of time. I now take away the 

cup, and ſet the glaſs down again on the bottom of 

the baſon. The method of thus conveying air 

and confining it being explained, I return to the 

experiment of ſhewing you the air diſengaged from 

fubſtances by diffolution. I firſt inverted this 

tumbler filled with water, as before directed : I 

1 a piece of ſugar under the tumbler ; and you 

_ fee that, while, it is diſſolving, bubbles of air are 

continually eſcaping from it; that they rife from 

the top to the bottom of the jar, forcing: the 

water out by their expanſion, and occupying the 

ſpace it quits. Thus have I ſhewn you that air, 

dr ſome elaftic fluid, is combined with, and forms 

2: a part.of moſt ſubſtances; and may be diſengaged 

i from them by one or other of the four methods 
juſt deſcribed. %)%%»ͤ;ͤ;;ͤ 8 

I )his combination is an object worthy of ad- 

miration you here find a large quantity of an 

elaſtic fluid, which, when diſengaged, occupies a t 

ſpace many times larger than the ſubſtance from I 
which it was extracted; yet, when combined 
therewith, is fo far from tearing it to pieces, or 
even inflating it, that it appears in ſeveral in- 


ſtances to be neceſſary to it's coheſion and con- { 
fiſtency. e OY 8 

' You have ſeen how ſoon water began to boil | 
under the receiver of an air-pump, and that with t 

Cc 


a heat confiderably leſs than is neceſſary for the 

ordinary production of ebullition. Indeed, with- 

out the preſſure of the atmoſphere, water would it 

begin to boil with an ordinary heat, and would be tl 

transformed into a vapour, having it's particles n 
N | {cattered 
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: ane indefinitely through the ſurrounding 
ſpace; an incumbent preſſure retards the pro- 


duction of vapour from thoſe ſubſtances, which 


yield it naturally while under leſs preſſure. Thus 
fermenting liquors yield a great quantity of elaſtic 


fluid under the uſual gravity of the atmoſphere ; 
but the os thereof is conſiderably. retarded 
in condenſed air. In like manner, fruits included 
in a receiver wherein the air is much condenſed, 
do not yield the ſame quantity of air they are wont 
to do in a leſs denſe medium. 

= In moſt caſes, if the fubftunce from which 
the air has been extracted be expoſed again to the 
air, it regains fooner or later what it had loſt. 


M. Mariotte proved this circumſtance by a very 


ſimple experiment, that you may repeat at your 
leifure. For this purpoſe he extracted the air 


from a quantity of water; firſt, by boiling it, and 


afterwards keeping it ſome time in vacuo.; he then 
filled a phial with this water, inverted it, placing 
the mouth under water; letting after this a bubble 


of air into it, according to the method explained. 


The bubble of air diminiſhed by —_— in three 
days it was entirely vaniſhed ; whic 


the air had been abſorbed, or had by ſome means 
inen itſelf into the Pores of the water. 


Or THE AIR'S RESISTANCE. | 


The frame in my hand contains two mills, 
(fe. 4, Pl. 3,) each of which has the ſame number 


of vanes (or ſails) of the ſame weight, and of the 


ſame length and breadth ; with this difference, 


that-in one the vanes are fixed edgewiſe, ſo as to 
cut the air with only a thin edge; the other 
breadthwiſe, 8 the air with the whole of 

pring preſſes ſtrongly againſt 
the two pins which are fixed to the naves of the 


mills: _ piece which holds them — equally 


againſt 


+ 


— 


proves that 
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againſt them, and thus gives them an equal im 
pulſe; when I ſet them in motion, they both begin 
to move with equal velocity: the one which meets 
the air with it's whole ſurface now moves ſlower 
than the other: it has ſtopped; whereas the other 
ſtill continues to move. We learn from this ex- 
periment, two things; 1ſt. That the air is a re- 
fiſting medium; 2d. That it reſiſts in proportion 
to the ſurface oppoſed to the air: for the mill 
which met and divided the air by the edge, having 
leſs air to remove, met with leſs reſiſtance, and 
continued to move longer. Hence you ſee, that 
the ſame maſs may meet with a different reſiſt. 
ance inthe ſame medium, according as it preſents to 
it a greater or a leſſer ſurface: hence alſo you will 
obſerve, that a waterman makes his oar act on the 
flat or broad ſide, when he uſes the reſiſtance of 
the water, to puth him on; but that he lifts it out 
by the edge, that he may have leſs weight to ſur- 
mount. ; | | | 
| This experiment will receive additional force, 
if, at your leiſure, you place your mills under the 
receiver of an air-pump, and when the air is ex- 
hauſted put the mills in motion; the reſiſting me- 
dium being removed, they will both ſtop at the 
dame time ee 

The experiment with the guinea and feather 
is one of the moſt celebrated among thoſe made 
with the air-pump. This apparatus (fg. 10, pl. 3,) 
is fo contrived as to let the guinea and feather fall 
at the ſame inſtant from the upper part of the re- 
ceiver. The experiment may be repeated three 
times without taking off the apparatus, or ex- 
hauſting the air afreſh, the apparatus being ſo 
conſtructed as to let three guineas with their fea- 
tacrs, fall ſeparately at three different times. 

To make the effect more ſenſible, I ſhall let 
one guinea and feather fall while the air is in the 
receiyer, 
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receiver, and you ſee the guinea reaches the bot. 
tom in an inſtant, but the feather deſcends gently, 
and with an indirect motion, to the bottom. 1 
ſhall now exhauſt the receiver:—it is ready: look 

ſtedfaſtly at the bottom of the glaſs, and you will 


perceive the guinea and feather arriving at the 


ſame moment on the plate of the pump; /proving 
that a light body falls juſt as faſt as a heavy one, 
in an unreſiſting medium. | IVY 

Birds make uſe of the reſiſtance of the air to 
facilitate their motions, in the ſame manner as 
fiſhes make uſe of the water; by ſtriking the air 
with their wings they move forwards, their tail 


ſerving as a rudder to direct their courſe. The 


breaſt-bone, inſtead of being flat, riſes gradually 


from the ſpine, and terminates in a ſharp keel, 


which enables them to cut the air with greater fa- 
cility : for 'the ſame purpoſe the' heads of birds 
are proportionably ſmaller than thoſe of qua- 
drupeds, and moſt of them terminate in light 
ſnarp- pointed beaks. But, as the reſiſtance of the 

air is leſs than that of water, it muſt be ſtruck 
with more ſwiftneſs, or with a greater ſurface. 
Hence you find that thoſe birds which fly for a 


long time, and far, as ſwallows, &c. have gene- 
rally ſmall bodies, many feathers, and large wings; 


while thoſe of a ſhorter, or leſs frequent flight, 


have commonly more fleſh and leſs wings in pro- 


portion. The latter, on obſervation, you will 
find beat their wings oftener than the others, in 
flying. Sparrows, chaffinches, goldfinches, linnets, 
&c. fly as it were by ſtarts, and do not ſupport 


themſelves long in the ſame direction. Their 


wings cannot raiſe and ſuſtain their bodies, but 
by a velocity in their motions, which they- are 
obliged often to intermit : during the intermiſſion - 


their weight gains upon them, and they loſe part 
of that elevation they had before obtained, ſo that 


their 
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their flight is only a ſucceſſion of jerks and ſtarts, 
There are birds which ſupport themſelves for ſome 
time at the fame height without ſeeming-to move 
their wings ; this is called planeing. There is 
littte doubt but that they move their wings at this 
time; but then the vibrations thereof are ſo quick 
and fo ſhort, that they cannot be perceived-on ac- 


_ obſerve that theſe planeing birds are obliged from 
time to time to regain that height, by a flight in 
the common way, which they have inſenſihly loſt; 
and they then, by ſlower and more extenſive mo- 
tions, repoſe as it were the muſcles that have been 
fatigued by theſe ſhort and frequent motions. 
Ihe reſiſtance of the air · is a matter of great 
importance in the theory of gunnery, and allow- 
ance muſt be made for it in all it's calculations. 
And though every well-diſpoſed mind is deſirous 
of diſcouraging any improvements in the inſtru- 
ments of death, yet muſt the ſtudy of arms be 
continued and promoted till thoſe times come, 
When nation ſball not lift up ſword againſt nation, 
neilber. ſhall they learn war any more. The nature 
of the reſiſtance of the air, and the method of in- 


make a part of our lectures. I can only drop a 
"hint or two te ſhew you the magnitude of it's ef- 
fects ; and hence the importance of ſome branches 
of ſcience, which might otherwiſe appear to you 
but of little uſe. Cannon or muſket-ſhot pro- 
gected with velocities from 400 to 1600 feet in a 
ſecond, by their great velocity leave behind them, 
during their paſſage through the air, a partial va- 
cuity: but when the velocity is equal to 1600 


it moves along, may be called an abſolute vacuum; 
conſequently, a ball moving with this velocity, 
mult be reſiſted by the whole weight of the at- 


— 


count of the greatneſs of the diſtance. You wil! 


veſtigating it, are too abſtruſe and delicate to 


feet in a ſecond, the ſpace deſcribed by the ball, as 


moſphere, 
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moſphere, excluſive of the effect derived from the 

air diſplaced. Mr. Robins found that this refiſt= * 

ance on the ball of an iron 24-pounder, whoſe 

diameter is nearly 5 3 inches, amounted to 540 
There is another circumſtance which increaſes 

the reſiſtance in bodies moving with great velo- 

cities; ſuch; for inſtance, as 1800 or 2000 feet in 

a ſecond : for the air before the ball being in this 

caſe condenſed, exerts a force of elaſticity againſt 

it, in proporrion to the compreſſion. This elaſtic 

force of the air, when exerted againſt bodies of 

ſmall weight, but moving with conſiderable ve- 

locity, may become ſo great in proportion to the | 

weight, as not only to deftroy the motion com- 3 

municated, but even to repel them; which is fre- =) 

quently obferved to happen when very ſmall ſhot SY 

are diſcharged by a large quantity of powder ; in 

which cafe the ſhot returns back in a direction 

contrary to that in which they were projected. 


AIR USEFUL IN RESPIRATION. _, 
Lour own obſervations and experience have 
ſhewn you that the organization of the human'frame 
is a ſubject worthy of the moſt ferious attention. 
The nature of the preſent lecture leads me to ex- 
plain ſome parts thereof, and to conſider ſome of 
thoſe proceſſes 'that are carrying 'on within it for 
the maintenance of it's conomy. You breathe 
continually, and you are ſenſible you could not live 
without breathing; ſo that 70 live and to breathe 
have been conſidered-as ſynonymous terms. Thou 
takeft away the breath, fays the Pſalmiſt, and they 
die. This operation, which of all the acts of ani- 
mal life, is one of the chief and moſt neceſſary, 
is in general called re/p:ration. It conſiſts of two 
actions; one, by which we draw air into the lungs; 
the other, by which we expel it from them. 
| | | "Kan 
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The former of theſe is called inſpiration, the latter 
expiration ; mations that are more evident or ſen- 
fible than any other that are performed within 
the body. They begin the moment we are born, 
and continue as long as we live. They are partly 
voluntary, and partly involuntary ; continuing dur- 
ing ſleep and apoplexy, when the will has no 
power; but we can on the other hand increaſe, 
diminiſh, accelerate, or retard theſe motions as 
often as we pleaſe. The digeſtion of our food— 
the circulation of the blood, ſecretion, and ab- 
ſorption, though all eſſential to animal life, are 
not ſufficient to preſerve it a few minutes, without 
the conſtant flowing of freſh air into the lungs, 
and it's reflux into the atmoſphere. -..; :; » .- 
The organs of reſpiration acted vpn by the 
air, are as the firſt wheel in a machine which re- 
ceives the moving power. Heat preſerves the 
fluidity. of the blood and humours, and acts as an 
expanding force in the ſtomach, heart, and blood- 
veſſels; which force is counteracted ae without 
by the atmoſpherical preſſure; for the want of 
which, the veſſels would be ruptured by the pre- 
vailing force within. 
| Animal life, conſidered only as motion, is 
maintained like the other motions of nature, by the 
action of contrary forces; in which there. is this 
wonderful property, that neither appears to have 
the priority, and whoſe joint effect is a motion, 


which, in theory, is perpetual. The flame of a. 


candle cannot burn without fire, nor be lighted 
without air; which of theſe is firſt we cannot 
ſay, for they ſeem co-inſtantaneous, and they work 
together till the matter fails which they work 
upon. Thus alſo, when the animal is born in'9 
the world, and the candle of life is lighted up, i 
is dificult to give any precedence to the elemen- 

| tary 
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tary powers by which it is ſupported. The weight 
of the atmoſphere forces into the lungs (as ſoon 
as they are expoſed to it's action) that air which 
is the breath of life; but this could not happen, 
unleſs the more ſubtil element of fire were to oc- 
caſioni a rari faction *. ee, and this reciprocation 
once begun is continued through life, though 
it will fail, if the action of the elements upon it 
ceaſe.“ . | „ i 11 
Air is as eſſential to the combuſtion of bo- 
dies as to the ſupport of animal life; ſo much 
ſo, that even thoſe which are the moſt com- 
buſtible will not flame, but in contact with air; 
and thoſe which are already inflamed are extin- 
guiſned on being deprived of it. Thus, if a 
candle be put under a cloſe receiver, it will be ex- 
tingutſhed in a longer or ſhorter time, according 
to the quantity of air contained in the receiver, 
and the ſize of the candle. You know, on the 
other hand, how much fire is quickened and in- 
creaſed by a blaſt of air; ſo that air is not only 
neceſſary to the action of ſire, but it would ſeem 
that the action of fire in general, is the joint action 
of air and fire together. It follows alſo, from 
What has been ſaid, that a candle will burn but for 
a ſhort time in rarified air, and not at all in vacuo. 


Air is not only neceſſary for the ſupport of animal 


life and combuſtion, but it is alſo neceſſary that the 
air be good, for contaminated air is as pernicious 
to both as a vacuum. There is, you ſee, a ſtriking 
relation between the flame of a candle, and the 
principle of life in an animal body; they are both 
ſupported by air, and the ſame contaminated air 
that puts out the candle, extinguiſhes animal life; 
and that air which is too much rari fied to keep a 
candle burning, is inſufficient for reſpiration. 


* Jones's Sermons, vol, ii, p. 92. 
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I bere is no animal found, how ſeemingly tor. 
pid ſoever it may be, that does not require a need- 
ful ſupply of air, the great parent of health and 
diſpenſer of light and warmth. Even fiſhes, which 
are furniſhed with magazines of air, and with the 
means of appropriating to themſelves that which 
is diſſeminated in the water, riſe from time to 
time to recruit their ſtock, and will live but a 
little time in water from whence the air 1s ex- 
tracted. - Some animals bear indeed a vacuum 
better than others. Thoſe which have. two ven- 
tricles to the heart, as man, quadrupeds, birds, and 
probably cetaceous fiſhes, periſh therein in a few 
minutes; while thoſe which have only one ven- 
tricle, as reptiles and fiſn, live in a vacuum for ſe- 
veral hours. Beſides. the deprivation of air in a 
vacuum, there are other cauſes which render it 
deſtructive of life: among theſe is the dilatation 
of the air lodged in the cavities of the body, as 
well as that contained in the pores of the fluids; 
for this, being no longer ſubject to the preſſure of 
the atmoſphere, expands and ſeparates the fluids 
in the capillary veſſels, and often burſts them. 
Many animals have been tortured in a re- 
ceiver, merely to obſerve their manner of dying: 
thus have men gratified curioſity at the expence 
of humanity; and that too often without any pro- 
bability of extending the bounds of ſcience, or 
promoting the good of mankind. No rational 
excuſe can be given for depriving a poor creature 
of it's life, (the greateſt boon that nature can 
beſtow,) or even to put it in pain, but an object 
of utility: he, who can from thence procure be- 
nefits for the higher orders of animated beings, 
may be permitted to exert the powers he poſſeſſes 
over the inferior orders of life: but he greatly 
errs, if he ſuppoſes theſe powers may be uſed: to 
| : ot» ratify 
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gratify wanton curioſity, or the ſports of an inor- 
dinate fancy. _ i ire 0 
I ſhall therefore only relate to you one inſtance 


among many: Mr. Boyle took a new-caught viper, 


and, ſhutting it up in a ſmall receiver, extracted the 
therefrom : at firſt, upon the air's being drawn 
away, it began to ſwell ; ſome time after he had 


done pumping, it u.. to gape and open it's 
jaws; it then reſumed it's former lankneſs, and 


began to move up and down within the receiver, 
as if to ſeek for air. After a while 1t foamed a 


little, leaving the foam ſticking to the inſide of the 
glaſs: ſoon after the body and neck grew prodi- 


giouſly tumid, and a bliſter appeared upon it's 
back. In an hour and an half after the receiver 
was exhauſted, the diſtended viper moved, being 
yet alive, though it's jaws remained quite diſ- 
tended; it's black tongue reached beyond the 
mouth, which was alſo grown blackiſh in the in- 
ide; and in this ſituation it continued for three 
hours; but upon the air's being re-admitted, the 
viper's mouth was preſently cloſed, and ſoon after 


opened again; theſe motions continuing for ſome 


time, as/1f there were ſtill ſome remains of life. 
It is thus with animals of every kind; even mi- 
nute microſcopical inſects cannot live without air. 

The moſt intereſting facts relating to com- 
buſtion, and even animal life, may be illuſtrated by 


a few experiments. Stick a ſtraight piece of wax 


taper, about four inches long, upon a large cork : 
then take an empty quart bottle, and hold it by the 
neck in an inverted poſition; light the taper, 
and introduce it quickly into the , 497 taking 
Cre not to put it out by touching the ſides of the 
bottle: the cork being large, cloſeg the mouth, 
and prevents the entrance of any air from with- 
out. You have performed this, and you obſerve 
that the flame of the taper contracts, grows dim, 
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and in about one quarter of a minute goes out, 
Now withdraw the taper, cloſing the mouth of 
the bottle with your thumb: light the taper 
again, and ſhipping off your thumb, introduce it 
into the bottle, and you will ſee that it will be 
immediately extinguithed ; the air being fo vi. 
tiated as to be incapable of aſſiſting the flame. It 
you with to preſerve the air in the bottle, and try 
the experiment, when the ſmoke is ſubſided, 
either cork the bottle carefully, or place it in an 
myerted poſition, with the mouth under water, 
Put eight or ten pieces of money one upon 
another, in a baſon, fo as to form a ſmall pile or 
pillar therein; on theſe put forme cotton or pieces 
of paper, with a little brimſtone; then pour water 
into the baſon, ſo as to reach about one-fifth or 
one-ſixth part of the height of the pillar of mo- 
_ ney. After this invert a large plain glaſs tum. 


bler upon the cotton and it's ſupport. You mul + 
incline the tumbler while you are putting 1t down, ft 
in order to let ſome water in, and ſome air go ou, Wl 5 
and make a mark on the outfide of the tumbler, ft 
exactly coinciding with the level of the water th 
within. This being done, let us take this appi- fi 
ratus into the ſunſhine; and by means of a buri- Wl «, 
ing-glafs, throw the collected rays of the ſun upon Wl of 
the cotton and fulphur. We have thus inflamed 

them; the air within being rarified by the hen eg 
of the inflamed fubſtance depreſſes the water. is 
It will ſometimes force it's way out: to prevemi an 
this you ſhould only uſe a ſmali quantity of com- mo 
buſtible matter, and let the water come up preti ll ate 
high, within the tumbler, previous to the appli « 1 
cation of the lens. Having given you this cau- car 
tion, let us obſerve our apparatus: it is now be-. it ; 
come as cool as it was at firſt, and you ſec the tim 
water within the tumbler is rifen above the mark thr, 
ſhewing that the combuſtion of the cotton, & to 


occafiond 
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occaſioned a diminution of the air in the glaſs. 
This diminution of air by combuſtion is a fact of 
conſiderable importance. : 

J ſhall relate you another experiment of the 
ſame kind made by Dr.: Hales, which you may re- 
peat at your leiſure. “ took, fays the Doctor, 
« a lighted candle about fix-tenths of an inch in 
diameter, and put it under an inverted receiver, 
and with a ſyphon drew the water up to a certain 
height: then drawing out the ſyphon the water 
would deſcend for a quarter of a minute, and after 
that aſcend, though the candle continued burning 
and heating the air for near three minutes. The 
water did not aſcend with an equal progreſſion z 
it would ſometimes move with a flow, and ſome- - 
times'with an accelerated motion ; but the denſer 
the fumes the faſter it aſcended. As ſoon as the 
candle was out the doctor marked the height of 
the water above it's firſt ſituation. The difference 
ſhewed the diminution of air, which Dr. Hales 
ſuppoſed was owing to it's elaſticity being de- 
ſtroyed by the burning candle. As the air cooled, 
the water roſe in the receiver, and continued riſing 
for twenty or thirty hours. He deduced from this 
experiment that about th of the whole quantity 
of air was deſtroyed by combuſtion. 

The reſpiration of animals produces the ſame 
effect on air as combuſtion, and their conſtant heat 
is probably an effect of the ſame nature. When 
an animal is included in a limited quantity of at- 
moſpherical air, it dies as ſoon as the air is viti- 
ated. This may be ſtated in more general terms: 
Whenever combuſtion or any ſimilar proceſs is 
carried on in a veſſel containing atmoſpherical air, 
it is found that the proceſs ceaſes after a certain 
time, and that the remaining air, which is about 
three-fourths of the whole bulk, is ſo altered as 
fo be incapable of maintaining combuſtion, .or 
2 ſupporting 
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ſupporting animal life.” From theſe 'experiments 
it is clear that one of the following conſequences 
muſt take place: 1. The combuſtible body muſt 
have emitted ſome principle, which, by cembin- 
ing with the air, has rendered it unfit for the pur. 
poſes of combuſtion. Or, 2. It has abſorbed part 
of the air which was fit for that purpoſe, and has 
left a refidue of a different nature. Or, 3. Both 
events have happened, namely, that the pure part 
of the air has been abſorbed, and a principle has 
been emitted, which has changed the orginal pro- 
perties of the remainder. - Theſe circumſtances 
are only mentioned at preſent, in order to awaken 
your attention to this curious ſubje, but will be 
conſidered more fully hereafter. | 

I.lbe following calculation has been made from 
the data furniſhed by Dr. Hales's experiment: 
The flame of the candle he uſed occupied about 


© os hes ee. 1 ant I 


half a cubic inch, and yet conſumed about 78 h 
cubic inches of air in three minutes, which is about F 
3744 cubic inches in a day, or 791 cubic feet ina g 
year. If fires act according to their cubic di- f 
menſions, which 1s the neareſt rule we can follow, 9 
then a fire of a cubic foot would conſume about U 
3456 times as much as the candle that is 2733690 d 
cubic feet in a year. Now, ſuppoſing 170000 D 
dwelling-houſes in London (which it was com- 9 
puted to have ſome years back,) and allowing 1 


two fires in an houſe, and making no account 
of candles, lamps, &c. the ſum of cubic feet con- 
ſumed in London, amounts to about 230000 mil- 
lions of cubic feet; and if all other circum- 
ſtances in different parts of the world relating to 
this conſumption of air were conſidered, the 
quantity uſually allowed to the earth's atmoſphere, 
would be conſumed in a much ſhorter time than 
would be imagined. I muſt here, however, be 
content with a very groſs reckoning, as it 1 
*V*VVCCCVVV | c 


| NATURE AND PROPERTIES OF AIR. 149 


be very difficult to obtain materials for making 
tuch an unwieldy calculation. In the courſe of 
theſe lectures it will be ſhewn, that divine Pro- 
vidence has provided abundant means for reſtoring 
the purity of the air, which is continually injured 
by combuſtion, reſpiration, fermentation, and other 
proceſſes. WR a | | 

As breathing forms ſo neceſſary and impor- 
tant a function of animal life, I ſhall now endea- 
your. to explain the organs thereof: you will 
thence perceive with what wiſdom the interior 
parts of your body are diſpoſed ; and no doubt 
warm emotions of gratitude and adoration will 
ariſe in your mind from a view of the admirable 
mechaniſm, and inimitable workmanſhip diſplayed 
in ten thouſand aſtoniſhing examples, and the 
exquiſite wiſdom with which every part is adapted 
to it's peculiar uſe; among theſe we may reckon 
the mechaniſm of reſpiration : this will be en- 
hanced when you conſider that you breathe twenty 
times every minute, or 1200 times in an hour, and 
that' every thing is ordered by divine Providence, 
that nothing happens to ſtop the faculty of breath- 
ing when we eat, or drink, or ſleep, though a 
thouſand hurtful things, without this divine or- 
dering, might enter the windpipe, which would 
prove inſtant death : for the food which enters the 
gullet paſſes over the windpipe, which is fur- 
niſned with a lid or valve. When any food ad- 
vances to the ſtomach, this lid is pulled down and 
(hut cloſe; but the moment the morſel is ſwal- 
lowed, it inſtinctively opens, and leaves the paſ- 
lage free for the neceſſary acceſſion of air. 

Galen, an antient and celebrated anatomiſt, 


obſerves in his treatiſes De Ui, Part. lib. iii. 


© That thoſe treatiſes which diſplay the tranſ- 


cendent exccllencies of the great CREATOR, com- 


pole one of the nobleſt and moſt acceptable hymns. 
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To acquaint ourfelves with his ſublime perfedtions, 


and point out to others his infinite power—his 
unerring wiſdom—his boundleſs benignity, is,“ fays 
he, „ in my opinion, a more ſulſiantial act of de- 
votion, than to flay hecatombs of victims at his 
altar, or kindle mountains of ſpices into incenſe,” 
To excite this ſpirit of devotion in you, I proceed 


to explain ſome of the exquiſite contrivances in 


the human frame. But not being an adept in the 
ſcience of anatomy, I muſt hope for ſome candid 


indulgence in caſe I ſhould offend againft preciſe 


anatomical exactneſs. 
The lungs are two viſcera contained in the 


cavity of the thorax or cheſt, and are there fenced, 


according to Job's expreſſion, with bones and ſinews, 


The ribs being turned into a regular arch, are 


mamoveable on a kind of center, to aſſiſt the act of 
+. reſpiration, and form a ſecure lodgment for the 


heart and lungs, two of the moſt diſtinguiſhed 
Ir, important organs of life. The lungs are diſ- 

tinguiſhed into right and left, having a broad 
baſis below, and being terminated above by an 
obtuſe point. The right, or larger lung, is di- 
vided into three lobes; the left or ſmaller into 
two. The internal fabric of the lungs is com- 
poſed of many ſmall lobes ſeparated from each 
other by intermediate intervals; which intervals 
are filled with a looſe cellular ſubſtance, through 
which veſſels are diſtributed. The ſmaller lobes 
are ſubdivided into leſſer ones, which are til! 
compoſed of others, but always decreaſing in 
magnitude; terminating at laſt in very ſmall mem- 
branous cells or veſicles, variouſly figured, and 
full of air, communicating on all ſides with one 
another. Keil computed the number of theſe ve- 
ſicles to be 1744, ooo, ooo. The pulmonary ar- 
tery and the pulmonary veins are diſtributed by 
numerous ramifications throughout the Jang 
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jungs, the ſmalleſt veſſels encompaſſing each ve- 
ficle like a net. 1 


The external air has acceſs to the lungs by 


the trachea, or windpipe ; the uppermoſt part of 


this pipe, called the larynx, opens into the throat 


by an aperture called the epiglottis, and communi- 
cates with the atmoſphere by the mouth and noſ- 
trils. The trachea is a flexible pipe, compoſed 
of a ſeries of cartilaginous rings joined by muſs 
cular fibres, and lined with a membrane. This 
tube deſcending into the lungs, divides and rami- 
ies itſelf in company with the numerous branches of 


the pulmonary artery, and, together with them and 


the veins, form the ſpungy ſubſtance called the 
lungs. | 


placed, is compoſed of bones, cartilages,* and 


miſcles, fo artfully arranged, that it's cavity may 
be enlarged or diminiſhed at pleaſure. This is 


brought about, partly by the elevation of the ribs, 
partly by the pulling down of the diaphragm, or 
muſcular partition that divides the cheſt from the 
lower belly. | . 

This partition naturally bulges convexly up- 
wards, fo as to encroach conſiderably on the cavity 
of the thorax; but on inſpiration from a convex, 
it becomes nearly a plain ſurface, and thus gives a 
2 to the cheſt, which it takes from the lower 

y. | 

The cavity of the cheſt, may, therefore, be 

enlarged in two different directions: by the ele- 


vation of the ribs it becomes wider; by the de- 


preſſion of the diaphragm it becomes deeper. 
When the intercoſtal muſcles elevate the cheſt, 
and when the diaphragm is drawn downwards, the 
cavity of the thorax is enlarged, and the air within 
the lungs is expanded in proportion to the ac- 


quired ſpace. This air, of courſe, becomes rarer, 


L 4 and 


The thorax or cheſt, in which the lungs are 
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i 1 
and ſpecifically lighter than it was before: it was 
then in equilibrio with the atmoſphere; and this 
equilibrium being removed by the expanſion, the 
external. air enters the larynx, and flows through 
all the branches of the trachea, reſtoring the ba- 
lance between the ambient air, and that in the 
lungs. „„ DOVER | | 
Whether the cheſt is ſwelled by inſpiration 
or depreſſed by expiration, the lungs fill the whole 
cavity, and are always in contact with the pleura, 
no air being permitted between this membrane and 
the external ſurface of the lungs; for if there 
was the lungs could not poſſibly play, as this air 
would counterbalance the preſſure of the atmoſ- 
phere. El | 
So many organs being ſubſervient to reſpi- 
ration, and this important function being per- 
formed by means of ſuch curious and complicated 
mechaniſm, no wonder that various attempts have 
been made to explain the- immediate cauſe that ex- 
Cites this function : but the ſubject, after exhauſt- 
ing much ingenuity, remains ſtill unexplained; and 
the moſt ſkilful anatomiſt knows no more than the 
humble peaſant. Rc 

All that is known amounts only to this: we 
have a ſenſation which excites us to expand our 
cheſt; the action accompanies the inclination, and 
the air flows into the lungs. When enough is ad- 


mitted to anſwer the purpoſes of health, we feel 


an equal defire of expelling it, which is directly 
followed by the accompliſhment of that deſire; 
and thoſe alternate feelings are conſtantly renewed 
and gratified, with or without reflection, aſleep as 
well as awake, while life continues. 

/ . Thequantity of blood which is poured by ten 
thouſand ſtreams into the lungs, is exceeding great; 


equal to (or even perhaps greater than) that which 


1s ſent in the ſame time throughout the reſt . 
1 - . body; 
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5 : * ä | 
body; proving that there is fome conſiderable 
uſe peculiar to this viſcus. Phyſiologiſts are not 


agreed with regard to all the uſes of the lungs, or 
the benefits reſulting to the body from breathing ; 
ſome of theſe are evident and undiſputed. : The 


correſpondence of the actions of the lungs with 


thought and ſpeech cannot be doubted ; for it is 
by their means the voice is modulated, and that we 
have the power of ſpeech. When we think ta- 
citly we breathe tacitly; when we think deeply 
we breathe deeply; drawing in and relaxing, com- 
preſſing, and elevating the lungs according to the 
thought. By the air entering the noſtrils, and 
conveying effluvia, breathing becomes inſtrumen- 
tal to the ſenſe of ſmelling. Every thing in the 


body is ſo connected, that when the lungs reſpire 


all and every thing in the body is actuated by the 
reſpiration of the lungs, and the pulſation of the 


heart; for the heart is joined to the lungs by it's 


auricles, and alſo all the viſcera of the whole body 
are joined by ligaments to the cavity of the 
breaſt; and that in ſuch manner, that all and 
every part is affected by the reſpiratory motion. 
When the lungs are inflated, and the thorax ex- 
panded by the ribs, the pleura is alſo dilated, and 
the diaphragm preſſed downward ; and with thefe 
all the inferior parts of the body, which are con- 
nected to them by ligaments, receive ſome action 
from the action of the lungs ; the alternations of 
reſpiration entering or affecting the inmoſt receſſes 
of the viſcera. There is a perfect conjunction of 
the motion of the heart and lungs with all and 
every part of the body: to render this conjunction 


more complete, the heart itſelf is alſo in the pul- 


monary motion, lying in the boſom of the lungs, 
adhering to them by it's auricles, and reſting upon 
the diaphragm, from which alſo it's arteries par- 
ticipate of the pulmonary motion. The ſtate of 
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- the lungs depends alſo upon the blood from the 
heart; for when the influx of blood ceaſes, reſpi- 
ration ceaſes. | 
IThere is a moſt intimate connection be- 
tween the act of reſpiring and the circulation of 
the blood. When reſpiration is for a ſhort time 
interrupted by the fumes of burning ſulphur, by 
mephitic air, or by renhining ſome minutes un- 
der the water, the action of the heart ceaſes: but, 
in many caſes of this kind, the motion of the 
heart may, and frequently has been renewed, by 
blowing air into the lungs, &c. In perſons ſeem- 
ingly dead, from a ſuſpenſion of reſpiration, if the 
lungs can be excited to act, the motion of the heart 
inſtantly commences, the circulation of the blood 
is reſtored, and life recovered. | 
The blood of the heart is purified in the lungs 
from things indigeſted, and attracts from the air 
a neceſſary nouriſhment. This is evident, not 
only from the influx of the blood, which is ve- 
nous, and conſequently replete and recruited with 
chyle collected from food and drink, and therefore 
unqualified in this ſtate to perform the vital tour. 
It is evident alfo, from the expirations which are 
humid, and often manifeſt their operation from 
their odour; the effluvia thus exhaled being ſo cor- 
rupted, that they would prove fatal if retained in 
the lungs, or if breathed by other animals; and 
further, from the diminiſhed quantity of blood re- 
turned into the left ventricle of the heart. That 
the blood attracts from the air a ſuitable nouriſh- 
ment, is evident from the vaſt quantity of exha- 
. lations and effluvia with which it is impregnated, 
and which flow into the lungs with it: in the 
ſpongy cells of this amazing laboratory it imbibes 
the influence of the external air. Hence it is 
that in the air-cells, or inmoſt part of the lungs, 
there are in great abundance ſmall veins with 
80 | TE is mouths, 
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mouths, which abſorb ſuch things; and. alſo that 
the blood returned into the left ventricle of the 
heart is changed into arterial blood, and becomes 
florid ; proving that the blood is here purified 
from things heterogeneous, and nouriſhed with 
things homogeneous.* 7 So 1 

Reſpiration gives riſe to many other functions 
of the animal ceconomy... All animals furniſhed 
with lungs expreſs their wants, their affections, 
and averſions; their pleaſures and pains, either by 
words or by ſounds peculiar to each ſpecies: theſe 
different ſounds are produced by ſtraitening . or 
widening the windpipe, or the paſſage through 
which the air paſſes in reſpiration. The inferior 
animals are by this enabled to expreſs themſelves 
in ſuch manner as to be intelligible to every indi- 
vidual of the ſpecies. _ 1 | 
Io man alone divine Providence has given 
the gift of ſpeech, the means of expreſſing his 
various feelings and ideas, by regular, extenſive, 
and eſtabliſhed combination of articulate: ſounds. 
Speech is performed by a very various and com 
plicated machinery. In ſpeaking, the tongue, the 
lips, the jaws, the whole palate, the noſe, the 
throat, together with the, muſcles, bones, &c. of 
which thoſe organs are compoſed, are all employed 
to modulate the ſound, and form the voice, and 
produce ſpeech, which procures to us ſuch innu- 
merable benefits. This combination of organs 
ve are taught to uſe when ſo young, that we are 
hardly conſcious of the laborious taſk, and far leſs 


of 


* Diemerbrocct mentions finding duſt in the veſiculæ of the 
lungs of two aſthmatic perſons that. he opened: one a ſtone- 
cutter's man, the veficulz of whoſe lungs were fo ſtuffed with 
duſt, that, in cutting, his knife went as if through a heap of ſand; 
The other was a feather-driver, who had theſe bladders filled 
with the fine duſt, or down of feathers. TO PI bo 
t Derham's Phyfico-Theology, Logographic edit. p. 211. 
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of the manner by which we pronounce different 
words and letters: . 8 

It is from Gop alone that man has the fa. 
culty of ſpeech, the power of articulating his 
voice, and of giving it a variety of diſtinct ſounds 
at his own will and choice. It is HE alone who 
provided man with the inſtruments by which he 
ſo articulates; who formed the human mouth and 
tongue to be much more pliant, moveable, and 
flexible than the ſame parts of other animals. It 
is HE who furniſhed thoſe immediate organs of 


ſpeech. in man, with peculiar muſcles, by which 


he can give to his mouth any degree of aperture 
and curvature; and to his tongue, any kind of 
flexure he pleaſes, by an application of this agile 
member to any part within it's ſphere and motion. 
Abſurd, indeed, is the idea of thoſe who 
embrace the idea of Diodorus Siculus, * That the 
firſt men lived for ſome time in woods and caves, 
after the manner of beafts, uttering only confuſed 
ſounds.““ It is hardly poſſible for any man to form 
a a judgment more contrary to the nature of things: 
for does not the nature of almoſt all animals, beaſts, 
and birds ſhew us, that they have a natural un- 
taught language, not conſiſting of confuſed ſounds, 
but altogether diſtinct, by an articulate difference, 
and highly intelligible to every one of the ſame 
fpecies ? If, therefore, the nature of things will 
allow us to ſuppoſe that man was created as per- 
fect in his kind, as the animals were in their's, 
then the nature of things will- oblige us to at- 
firm, that the firſt men had from nature an un- 
yt language, as ſuitable to their nature, as 
uſeful, as diſtinct, and intelligible to themſelves, 
as that of beaſts or birds is to them, in their ſe- 
veral kinds. The language of every creature is 
natural, not taught; it is as much the effect of 
it's whole nature, the joint operation of it's ſoul, 
e coats 5 ſpirit, 
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ſpirit, and body, as it's life is; and is articulate, or 
not articulate, good or evil, harmonious” or horri- 
ble, juſt as the life of the creature poſſeſſes more or 
leſs of a celeſtial or earthly harmony. The whole 
' philoſophy of the language of all creatures, whether 
in heaven, on earth, or in hell, is to be found in 
theſe words of our Gop and Saviouk, That out of 
the abundance of the heart the mouth ſpeaketh. 
If mankind had not a »atural language, they 
could never have invented an artificial, by their 
reaſon and ingenuity ; for all artificial language 
ſuppoſes ſome compact or agreement to athx a 
certain meaning to certain ſigns: therefore, there 
muſt be compacts or agreements before the uſe of 
artificial ſigns; but there can be no compact or 
agreement without ſigns, nor without language; 
and therefore there muſt be a natural language be- 
fore any artificial language can be invented.“ 
Reſpiration is concerned when we laugh; for 
to do this we make a full inſpiration, which is 
ſucceeded by frequently interrupted and ſonorous 
expirations. When the titillation and conſequent 
expulſive expirations are great, whether they ariſe 
from the mind or body, they interrupt the breath- 
ing to ſuch a degree as to endanger ſuffocation. 
Moderate laughing promotes health, by agitating 
the whole body: it quickens the circulation of the 
blood, gives cheerfulneſs to the countenance, and 
baniſhes anxiety from the mind. 5 
We employ nearly the ſame organs in weep- 
ing as in laughing: it commences with a deep in- 
ſpiration, which is ſucceeded by ſhort, broken, ſo- 
norous, and diſagreeable expirations. The reſpi- 
ntory organs are neceſſary in the acts of cough- 
ing, ſneezing, yawning, ſinging, ſighing, and many 
other acts of the animal œconomy. | | 


Hh Reid's Inquiry into the Human Mind, p. 9g. 
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By reſpiration odours are conveyed to the 
noſe. You will find from obſervation that alt 
animal and vegetable bodies, and probably all or 
moſt other bodies expoſed to the air, are continu. 
ally ſending forth very ſubtle effluvia in their wa. 
rious ſtates of life, and growth, fermentatian, and 
putrefaction. The ſmell of plants, and of other 
bodies, is cauſed by theſe volatile parts, and are 
ſmelled wherever they are ſcattered in the air. 
The acuteneſs of this ſenſe in ſome animals ſheys 
that theſe efluvia ſpread far, and muſt be incon- 
ceivably ſubtil. Theſe effluvia are drawn into the 
noſtrils along with the air,. which is continually 
paſſing through them in inſpiration and expi- 
ration. 3 oh 

We are informed by anatomiſts that the 
membrane pituaturia, a the olfactory nerves, 
which are' diſtributed to the villous parts of this 
membrane, are the organs deſtined by divine Pro- 
vidence for this ſenſe : ſo that when a body emits 
no effluyvia, or when they do not enter into the 


noſe; or when the pituary membrane, or olfac- 


tory nerves are rendered unfit to perform their of- 
fice, 1t cannot be ſmelled. | . 
You will obſerve that, notwithſtanding theſe 
mechanical inſtruments, it is evident that neither 
the organ of ſmell, nor the medium, nor any 
motions we can conceive, excited in the above- 
mentioned parts, or in the nerve or animal 
ſpirits, do in the leaſt reſemble the ſenſation of 
ſmelling. It is impoſſible to conceive or believe 
ſmelling to exiſt of itſelf without a nd, or ſomc- 
thing that has the power of ſmelling, and of which 
it is called a ſenſation, an operation, or feeling. 
The faculty of ſmelling is ſomething very dif- 
ferent from the ſenſe of ſmelling ; for the faculty 
may remain' when you have no ſenſation, and the 
mind is no leſs different from the faculty, for it 
continues 


+ 
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continues the ſame individual being when that fa- 


culty is loſt. ö ITO | 

I ſhall now ſhew you the divine wiſdom ma- 
nifefted by adapting the organs of different crea- 
tures to their particular ſtates of receiving, re- 
ſpiring, &c. the air, and I ſhall proceed to laybefore 
you one or two remarkable inſtances. Thus, 
though birds reſpire by means of lungs, yet are 
they ſo conſtructed that the air is tranſmitted to 
almoſt every part of their bodies. The lungs of 
birds are ſo firmly attached to the diaphragm, the 
ribs, the ſide, and the vertebræ, that they can ad- 


mit of very little dilation or contraction. Inſtead 
of being impervious, the ſubſtance of the lungs, 


as well as of the diaphragm, to which they ad- 


here, is perforated with many holes or paſſages 


for the tranſmiſſion of air to the other parts of the 


body: to each of theſe perforations a diſtinct 


membranous bag is joined; theſe bags are ex- 
tremely thin and tranſparent; they extend through 


the whole of the abdomen, are attached to the 


back and ſides of that cavity, and each of them 
receives air from their reſpective openings into the 


lungs. The cells in which birds receive air from 


the lungs are found not only in the ſoft parts, but 
in the bones. * | 63 OX 
Mr. John Hunter has made a variety of expe- 


riments to diſcover the uſe of this general diffuſion 


of air through the bodies of birds; and from 


theſe we find, that it prevents their reſpiration 


from being ſtopped or interrupted by the rapidity 
of their motion through a reſiſting medium. The 
reſiſtance of the air increaſes in proportion to the 


celerity of the motion: were it poſſible for a man | 
to move with a ſwiftneſs equal to that of a ſwal- 


low, the reſiſtance of the air, as he is not provided 


with reſervoirs ſimilar to thoſe of birds, would © 


loon ſuffocate him. | 
„ Cetaceous 


* 
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Cetaceous fiſhes reſpire like man, by means 
of lungs, and are, of courſe, obliged at certain in- 
tervals to come to the ſurface, in order to throw 
out the former air, and to take in a freſh ſupply. 
Other ſpecies of fiſh are furniſhed with gills in- 
ſtead of lungs, through which they reſpire both 
water and air; for air is univerſally diffuſed or 
mixed with every portion of water; beſides this, 

however, it is neceſſary that the water in which 
they ſwim, ſhould have a free communication with 
the air ; for they cannot live long, if deprived: of 
this vivifying element. 

Inſects are not furniſhed with lungs ſimilar to 
thoſe of men, quadrupeds, &c. but as the tranſ- 
miſſion of air into their bodies, is neceſſary for 
continuing the principle of life, they are furniſhed 
with peculiar inſtruments and apparatus for this 
indiſpenſible purpoſe. For a deſcription of theſe 
I muſt refer you to my Eſſays on the Microſcope; 
reciting only one inſtance, that of the larva of the 
muſca' pendula, Lin. as deſcribed by a — inge- 
nious naturaliſt. 

HhHeing out on an excurſion with ſome friends 
they were ſtruck with the appearance. of a little 
puddle of reddiſh water, the ſurface of which was 
in continual motion. On taking up ſome of this 
water they found a number of dirty ſhapelels 
animals, which had much the appearance of com- 
mon maggots, but much uglier ; they were brown, 
thick, ſhort, and furniſhed with+ tails. .. I ordered 
them,” fays our naturaliſt, “to be laid down on 
the graſs, and diſpatched a ſervant for ſome clear 
water, and then began to explain their nature, ori- 
gin, and properties. 

E had often informed my companions that 
none of the winged inſects were hatched from the 
egg, but that they were all firſt produced in the 


5 orm of wor ms, maggots, or caterpillars; r 
; other 
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ocher words, covered with ſkins, under which they 
live, move, and eat, with the appearance of animals 
very different from their parents: they were not 


therefore ſurprized, when I informed them, that 


the creatures before us were not in their ultimate 
ſtate, but were the produce of the bee-fly (mu/ca 
pendula.) This fly is inſtructed by the univerſal 
Guide and, Guardian of Nature, to lay it's eggs 
about the edges of the water. It's young, while 
in the worm ſtate, are to live and feed in the 
vater; but the female cannot depoſit her eggs in 
that element, without periſhing in the attempt: 
ſhe lays them on dry land, near the place proper 
for the reſidence of her young, who are inſtructed 
by the ſame guide to make their way to the water ; 
and, finally, when they have acquired their full 
growth, and the animal is ready to burſt forth into 
a new life, and enjoy the regions of the air, it 
again quits the water, that this great event may be 
performed at land. Ts 


© The ſervant being returned with ſome water, 


he obſerved, that though reſpiration is neceſſary 
to all animal life, yet it is variouſly performed in 
the ſeveral ſpecies; and that, while man and the 
generality of other animals reſpired by the mouth, 
this creature reſpired by the tail. 55 
« The inſects we were examining were about 
half an inch long, and their tails near an inch. 
The water in the glaſs was. proportioned at firſt to 
this meaſure in depth : on throwing ſome of the 
inſets into it, their bodies naturally ſunk with 
the head downwards; and, while they ſeemed 
ſearching after food about the bottom, the extre- 


mities of their tails were ſeen juſt above the water, 


and in continual motion. | 
My companions, who have long ſince Jearnt 


to make every obſervation of this kind a ſource 
of adoration to the ſupreme Creator, Diſpoſer, and 
M 


Vor, I. Preſerver 


| 
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Preſerver of all things, were admiring the care of 
his providence, in contriving thus amazingly that 
a poor creature ſhould not be ſuffocated while it 
fed. I ordered a pint. more water to be thrown 
into the glafs, and they all cried out againſt my 
deſtroying theſe unfortunate animals; but their 
admiration was raiſed much higher than before, 
when I told them they would receive no harm, for 
they had a power of lengthening their tail about 
an inch; but that they were not left without means 
of life in a much greater depth of water. On 
adding a quart more water, it was ſaon found that 
the apparent tail of the infect was a mere tube, 
containing within it another much ſmaller, yet 
ſufficiently large for to convey all the air that was 
neceflary to this animal; a fine ſlender pipe being 
darted up out of this, and extended to the ney 
ſurface : on raiſing the water two inches higher, 
the pipe was lengthened as far as was neceflary, 
and ſo on till the limits of the glaſs ſuffered us to 
carry the experiment no further.“ 


LECTURE v. 
Or SouN po. 


R explaining the efficacy and action af 
1 air in reſpiration, &c. I proceed to bring jul 
acquainted with it's agency in producing /oun 
The ſenſe of hearing, by which we receive ſounds, 
adds infinitely to our happineſs : it opens to us! 
wide field of pleaſure ; though it is leſs extenſive 
in it's range than that of ſight, yet it frequent!) 
ſurmounts obſtacles that are impervious to the eye. 
and communicates information of the . utmoſt im- 
portance, which would otherwiſe eſcape from, à 
be loſt to the mind. 
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Sound, by it's divergence, extends in every 
direction, viſiting a thouſand with the ſame eaſe 
as one individual; freely communicating it's tid- 
ings wherever atten: ion excites an auditory. Every 


one feels that muſical ſounds are pleaſing to the 
ſenſitive ſoul; I mean not here the harmony of 


ſounds, for the rational mind only can be ſenſible 
of theſe: I mean ſuch ſimple ſounds as are tune- 
ful; eſpecially the clear, the /mooth, and the lively. 


You know that many ſpecies of the ſmaller 


winged tribes take, ſo much pleaſure in ſounds of 


this kind ſtriking grateful on their ear, and exhi- 
lrating their ſpirits, that to give themſelves this 
pleaſure, ſeems to employ the greater part of their- 


wakeful hours, and to conſtitute the principal en- 
joyment of their lives. They are endued by 
Divine Providence with the power of forming and 
uttering thaſe delightful ſounds; and HE has been 
ſo liberal in this bleſſing, that the air in every wood 
and grove is filled with their various and artleſs 
melody: nor can imagination, perhaps, ever con- 
ceive any thing more delightful, than to have all 
the ſongſters of the grove collected under the 


beam of the breaking-out ſun, and pouring forth 


the ſenſations of their hearts in a profuſion of wild 
and complicated melody, Wy 
The metaphyſician conſiders the idea of ſound 


in the mind: the anatomiſt deſcribes the im- 


preſſion it makes upon the car, and the manner in 
which it is conveyed from thence to the brain: 
the natural philoſopher inveſtigates it in the ſub- 
ſtance where it is produced, and in the medium 
by which it is conveyed to the ear. The ſavage 
cannot comprehend how we can convey our 
thoughts to one another by writing; the communi- 
cation thereof by ſounds would appear as won- 
derful to us, but that we fall into it before we 


know what wonder is; that ts, before we have 


M2 ” gained 


4 


the pavement: to be ſonorous, a body muſt be 


of plectrum. 


has very little more ſound than lead, highly im- 


a third ſubſtance almoſt as brittle as glaſs. 50 


even the vapour of it, when in fuſion; will give 


elaſtic metals, are alſo ſonorous; but lead, which 
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gained any experience to which new appearances may 


ſeem repugnant. 

Sound ariſes from a vibratory or tremulous 
motion, produced by a ſtroke on a ſonorous body; 
which motion it communicates to the ſurrounding 
medium, which carries the impreſſion forward to 
the ear, and there produces 1t's ſenſation. In 
other words, ſound is the ſenſation ariſing from the 
impreſſion made by a ſonorous body upon air, or wa- 


ter, &c. and carried along by either fluid to the ear. 


Three things are therefore neceſſary to the 
production of found: 1. A fonorous body to give 
the impreſſion; 2. A medium to convey it as a 


vehicle; 3. The ear to receive the impreſſion. 


Strictly ſpeaking, fonorous bodies are thoſe 
whoſe ſounds are diſtinct, comparable with each 
other, and of ſome duration; ſuch as thoſe of a 
bell, a cord of a violin, and not ſuch as give only 
a confuſed noiſe ; as that made by a ſtone falling on 


elaſtic ; one whoſe- parts are capable of a vibratory 
motion when they are forcibly ſtruck by any kind 


* Gold, ſilver, copper, and iron, which are 
is unelaſtic, gives no. ſound. Tin, which in itſelf 


proves the tone of copper, when mixed with it. 
Bell- metal is formed of ten parts copper, and one 
of tin. Each of theſe is ductile when ſeparate, 
though tin is only ſo in a ſmall degree, yet fem 


wonderful is the power of tin in this reſpect, that 


brittleneſs to gold and filver, the moſt ductile of 


all metals. | 
The claſſes of ſonorous bodies are chiefly ow 
three: 


* Jones's Phyſiological Diſquiſitions, p. 293. 
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three: 1. Bells of various figures and magnitudes; 
of theſe, thoſe that are formed of glaſs have the 
moſt pure and elegant tone; and as glaſs is very 
elaſtic the ſound thereof is powerful: 2. Pipes 
of wood or metal: theſe, by means of a vibrating 
plate of metal, to perform the office of a larynx, 
may be ſo conſtructed as nearly to imitate the 
human voice: 3. Strings, formed either of me- 
tallic or animal ſubſtances. The ſounds they give 
are more grave or more acute, according to the 
thickneſs, length, and tenſion of the ſtrings: when 
fir- wood, which, from it's fibrous conſtruction, is very 
elaſtic, is combined with ſtrings; or, when ſtrings 
are agitated by horſe-hair, theeffect and powers of 
one ſonorous body e aſſiſted by another.. 
Air is univerſally allowed to be the ordinary 
medium of ſound; the medium by which ſounds 
are propagated from ſonorous bodies, and com- 
municated to the ear: this we ſhall eafily prove 
by an experiment on the: air-pump, 1 include 
this bell within the receiver, which, while full of 
common air, ſounds nearly as well as before. I 
ſhall now work the pump, and you will perceive 
that the ſound diminiſhes in proportion to the de- 
gree of the exhauſtion ; ſo much ſo, that when the 
ar is nearly extracted, the ſound is almoſt loſt, 
An objection has been made to the concluſion we 
have drawn from this experiment; namely, that 
when the air is exhauſted from within, the preſſure 
from the incumbent air on the exterior ſurface 
will prevent the tranſmiſſion of the ſound, in the 
ſame manner as a body is prevented from ſound- 
ing, by ſuſtaining a preſſure on any part of it. 
But this objection has been well obviated; for if 
the air in the receiver be condenſed, inſtead of 
being exhauſted, the ſound ſo far from being extin- 
guthed will be increaſed, though there is as great 
an inequality of preſſure on the two ſurfaces: in 
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this caſe as in the former. Hawkſbee has ſhewn; 
by a ſeries of well-conducted experiments, that 
air is propagated further by denſe than by rarified 
air; and that air as denſe again as common air 
will convey ſound twice as far; and thence con- 
cludes that ſound is increaſed, not only in a dire& 
ratio of the denſity of the air, but as the ſquare of 
the denſity. M. Briſſon has ſhewn; that if a fo. 
norous body be placed in an elaſtic fluid, whoſe 
denſity is greater than that of common air, that 
the ſound would be much ſtronger in the fluid 
than in the air: his experiment was made with the 
gas acide carbonique. | 
But though air is the general vehicle of ſound, 
yet ſound will go where no air can convey it : thus, 
the ſcratching a pin at one end of a long piece of 
timber, may be heard by an ear applied near the 
other end, though it could not be heard at the 
ſame diſtance through the air; and two ſtones 
being ſtruck together under water, may be heard 
at a much greater diſtance by an ear placed under 
water in the ſame river, than it can be heard 
through the air; Dr. Franklin thinks he has heard 
it a mile. Theſe effects muſt be owing to the in- 
tervention of ſome cauſe more moveable and pow- 
erful than air itſeliliff . 
When any elaſtic body is ſtruck, that body, or 
ſome part of it, is made to vibrate. This is evi- 
dent to ſenſe in the ſtring of a violin or harpſi- 
chord; for you may perceive bythe eye, or feel 
by the hand, the trembling of the ſtrings, when by 
ſtriking them they are thereby made to ſound. 
It a bell is ſtruck by the clapper on the 
inſide the bell is made to vibrate: the baſe of 
the bell is a circle; but, by ſtriking any part of 
this circle on the inſide that part flies out; ſo that 
the diameter which paſſes through this part of the 
circular baſe, will be longer than the other dia- 


>, MF 4 Ll 


. Nature AvD PRoprkrirs or Ark, 167 


meter. The baſe, by the ſtroke, is changed into 
an oval, whoſe longer axis paſſes through the part 
againft which the clapper ſtruck : the elaſticity of 


the bell reſtores the figure of the baſe, and makes 


the part which was forced out of it's place return 
back to it's former ſituation; from whence the 
ſame principle throws it out again; ſo that the 
circular figure of the baſe will again be changed 


into an oval; only now the ſhorter axis will paſs 


through the part that was firſt ſtruck. 


The ſame ſtroke which makes the bell vibrate 


occaſions the ſound ; as the vibrations decay the 
ſound grows weaker, Your ſenſes will conyince 
you that the parts of the bell are in a vibratory 


motion: if you lay your hand gently thereon, you 


will feel this tremulous motion ; or if you throw 


ſmall pieces of paper on the bell, the jarring - 


thereof will put them in motion. Theſe vibra- 


tions cauſe ſimilar undulations in the air; and as - 


the motions of one fluid may often be illuſtrated 
by the motions of another, the inviſible motions 


of the air have been not unaptly compared to the 


viſible waves of water, when ſuddenly produced 
by throwing a ſtone therein. Theſe waves ſpread 
themſelves in ail directions in concentric circles, 
whoſe common center is the ſpot where the ſtone 
tell; and when they ſtrike againſt a bank, or any 
other obſtacle, they return in the contrary direc- 
tion to the place from whence they proceeded, 
Sound expands in like manner in every direction, 
and the extent of it's progreſs is in proportion to 


the impulſe on the vibrating cord or bell, Such 
is the yielding nature of fluids, that when other 


wayes are generated near the firſt waves, and others 
again near to theſe, they will all perform their 
courſes amongſt each other without interruption ; 
thoſe that are coming back. will paſs by thoſe that 


are going forward, or Ma. through them ; 1. 
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if you throw a ſtone into a pond, and immediately 
after another, and then a third, you will perceive 
that their reſpective circles will proceed without 
interruption, and ſtrike the ſhore in regular ſuc. 
ceſſion. The atmoſphere in the ſame manner po. 
ſeſſes the faculty of conveying ſounds in the moſt 
rapid ſucceſſion or combination, as diſtinctly ay 
they were produced. It poſſeſſes the power, not 
only of receiving and propagating. ſimple and 
compound vibrations in direct lines from the 
voice or inſtrument, but of retaining and repeat. 
ing ſounds with equal fidelity, after repeated re- 
flexion and reverberation, as you may be eaſily 
convinced'by the ſound of a French-horn among 
„ ; It - 

A familiar and eaſy experiment ſhews the 
vibratory- motion that produces ſound. Take a 
common poker, and tying on a garter at top, ſo 
that both ends of the garter may be left at liberty: 
roll theſe round the firſt finger of each hand, and 
ſtop the ears cloſe with theſe fingers; ſtrike the 

ker againft any hard ſubſtance, and you will 


heap an amazing deep tone, ſcarcely equalled by 


* 


the largeſt and deepeſt bell. | 

Here is a drinking-glaſs nearly filled with 
water which gives a ſweet ringing ſound : on my 
rubbing the top of my finger with a gentle 
equable motion along the rim, the ſurface of the 


water is fretted and curdled into the fineſt waves 


by the undulations of the air; yet ſuch is the na- 
ture of theſe undulations, that the flame of 2 

candle is not viſibly agitated when placed near i 
| ſonorous | body of the largeſt magnitude. It does 
not appear that theſe undulations produce any pro- 
greſſive flux of the particles of air, but that the) 
proceed from a vibratory motion of theſe parti 
cles in their proper places; ſo that the motion 
producing found is not ſimilar to that of wind; 8 
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the motion of the wind can act as a cauſe of 


ſound, which You have no doubt obſerv ed wi th 


the Eolian harp, ol 
S Scarce any thing was done on this ſubje& of 
any importance, till the ſagacity of our incompa- 
rable Newton firſt explained the laws, according 
to which the ærial pulſes are propagated. It was 
he who firſt diſcovered that the pulſes of the air 
are propagated in all directions round the founding 
body; and that during their progreſs and regreſs 
they are twice accelerated, and twice retarded, ac- 
cording to the law of a pendulum vibrating in a 
cycloid ; and theſe diſcoveries are the foundation 
of almoſt all our reaſoning on found. A 
Before we proceed it will be neceſſary to make 
you a little acquainted with ſome properties of the 
pendulum, of which I ſhall probably treat more 
at large in one of the ſubſequent lectures. 
When two pendulums vibrate, which are ex 
actly of the ſame length, their vibrations are per- 
formed in equal times: if they ſet out together to 
deſcribe equal arcs they will conſent together in 


their motions till they are at reſt; and if the arcs 
be ſmall, all the vibrations of each, when com 


pared with one another, will be z/ochronous. But 
if one of theſe pendulums is twice as long as the 
other, the vibrations of the longer will be twice as 
flow as thoſe of the ſhorter ; in other words, . the 
times of their vibrations will be as the ſquare root 
of their lengths. e EP 3 
A pendulum is fixed to one point, a muſical 
ſtring is extended between two points, and in it's 
vibrations may be compared to a double pen vi- 
brating in a very ſmall arc, whence ſtrings of dif- 
ferent lengths may conſent in their motions after 
the manner of penqulums : but then it muſt be 
noted, that as a muſical ſtring is two pendulums, 


not one only, it is not neceſſary to ay the 


ength, 


10 Lreruxks on Natural Purrosophv. 


length, in order to make the time of a vibratioſt 
twice as great; it will be ſufficient only to double 
it; and whatever height the pendulum falls from 
on one ſide, ſo much it will riſe on the other; ſo 
will the elaſtic muſical ſtring continue to vibrate 
from one ſide to the other for ſome time, and each 
of it's little vibrations, like thoſe of a pendulum, 
will be performed in times exactly equal to each 
other. i ; . 
Thus do we gain, from the analogy between 
a a pendulum and a muſical ſtring, a more adequate 
conception of a ſubject that could never be un- 
derſtood till this analogy was diſcovered: it ex- 
plains why every muſical ſound preſerves the ſame 
pitch from beginning to the end, as long as it can 
be diſtinguiſhed by the ear; and why the pitch is 
ftill unvaried, whether the ſound be loud or ſoft; 
and all this, becauſe the vibrations of the ſame 
pendulum, whether they are longer or ſhorter, 
when compared among themſelves, are found to 
be all deſcribed in equal times till the pendulum 
be at reſt; the difference of the ſpace which 1s 
moved over, compenſating for the {lowneſs of the 
motion in it's decay: Ts; 0 
Io illuſtrate {till further this ſubject, ſtretch 
a piece of catgut upon theſe two pins: I now lay 
hold of it in the middle, and pull it upwards; I 
let it go, and you obſerve that it firſt ſtraightens 
itſelf, or returns to it's original poſition, then 


bends itſelf as far the contrary way; the ſtring 


acquiring ſufficient force when it was bent one 
way to bend itſelf as far the other, and to con- 
tinue moving backward and forward, till the re- 
ſiſtance of the air and the friction deſtroys the 
velocity which the ſtring acquires by the force of 
elaſticity. It is obvious, that when the ftring is 
thus let fly from the finger, whatever be it's own 
motion, ſuch alſo will be the motzon of the par- 


ticles 
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ticles of air that fly before it; the air will be 
driven forward, and by that means condenſed, 
When this condenſed air expands itſelf, it will ex- 
pand itſelf not only towards the ſtring; but as the 
elaſticity thereof acts in all directions, it will alſo 
expand itſelf forwards, and condenſe the air that 
lies beyond it: this laſt condenſed air, by it's ex- 
panſion, will produce the ſame effect on the air 
that lies ſtill further forwards; and thus the mo- 
tion produced in the air, by the vibration of the 
elaſtic body being conſtantly carried forward, will 
be conveyed to the ear. The contiguous parts of 
the air going forwards and backwards by turns, 
will be ſubject to the like vibrating motion with 
the parts of the ſonorous body; and as the firſt 
parts were condenſed in their progreſs, and relaxed 
in their regreſs, ſo will the other parts as often as 
they go forwards be condenſed, and as often as they 
go backwards be relaxed: and therefore they will 
not all go backwards and forwards together; for 
then their reſpective diſtances would be always the 
ſame, and conſequently they could not be alter= 
nately rarified and condenſed ; whereas they meet 
each other when they are condenſed,. and go from 
each other when they are rarified; /one part of 
them muſt therefore neceſſarily go forwards, whilſt 
the other goes backwards by alternate changes 
wn tient colt 
As theſe condenſations of air are what ſtrike 
{pulſant) upon the ear, or upon any obſtacle that 
is in their way, they are called pulſes; ſound in 
the air through which it is conveyed conſiſts of 
ſuch pulſes. It will be neceſſary to relate to you 
ſomewhat of the nature of theſe pulſes and their 
properties: for the demonſtration, as purely ma- 
thematical, I muſt refer you to thoſe writers who 
have written particularly.on this ſubject, : 0 
30115) | | ut 


. 
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But here I muſt obſerve that theſe pulſes are 
ſometimes produced without ſuch vibrations of the 
ſounding body. In theſe caſes we have to diſcover 


by what cauſe theſe condenſations or pulſes may be 


produced, without any vibrations in what is confi. 
deredas the ſounding body. We have two inſtances 
of this fort; one in wind inſtruments, ſuch as a 
flute, or an organ-pipe ; the other in the diſcharge 
of a gun: in an organ, or in a flute, the air which 
is driven through the pipe ſtrikes againſt the edge 
of the lips in it's paſſage, and, by being accumu- 
luated there, is condenſed; and from this conden- 
ſation the pulſes are propagated. When a gun 
is diſcharged, the powder upon taking fire expands 
the air about it all at once, and conſequently con- 


denſes the air which encompaſſes the ſpace where 


this expanſion happens; for whatever air is driven 
out of that ſpace where the expanſion is made will 
be forcibly. driven into the ſpace all round it. 
This condenſation is the firſt pulſe, and as this ex- 
pands again by it's elaſticity, pulſes of the ſame 
ſort will be produced and propagated forwards. 
Ihe parts of all ſounding bodies vibrate ac- 
cording to the laws of a cycloidal pendulum ; as 
the vibrations therefore of the ſonorous body fol- 
low each other at equal intervals of time, the 
pulſes which are excited by thoſe ſeveral vibrations 
will alſo ſucceed each other at the ſame equal in- 
tervals of time. by e043 K 
Sounding bodies propagate their motions on 
all fides directly forwards, by ſucceſſive conden- 
ſations and rarifactions, and ſucceſſive going for- 


wards and returning backwards of the particles; 


ſo that ſound is driven in all directions backwards 
and forwards, upwards, downwards, and on every 
tide; the pulſes go on ſucceeding each other, but 
ene wWithout-ſide the other, like circles in _ 
1 | Furvdec 
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turbed water; or, rather in concentric ſhells, ſhell 
above ſhell, as we ſee in the coats of an onion. 
The pulſes are thoſe parts of the air which 
vibrate backwards and forwards ; and which, by 
going forward, ftrike againſt obſtacles. The la- 
titude of a pulſe is the rectilineal ſpace through 
which the motion of the air is propagated during 


one vibration of the ſounding body. 


All pulfes move equally faſt : this has been 
proved by experiment; and it is found that they 
defcribe 1070 Paris feet, or 1142 London feet, in a 


fecond, whether the ſound be loud or low, grave or 


acute. | | Fon: 
Sounds may differ from one another both with 
reſpect of their tone, and in reſpect of their in- 
tenfity or ſtrength: in reſpe& of their tone they 
are diftinguiſhed into grave and acute: 1n reſpect 
of their intenſity they are diſtinguiſhed into loud 


or ſtrong, low or weak. The tone of a ſound de- 


pends upon the time that an impreſſion continues, 
and is not altered by the diſtance of the ear from 
the ſounding body. But the intenſity or ſtrength 
of any ſound depends upon the force with which 
the particles of air, as they are condenſed, ſtrike 


the ear; and this force is different at different 


diſtances; ſo that a ſound which is very loud, 
when we are near the body that produces it, will 


be weaker if we are farther from it; and the diſ- 


tance may be ſo great that we cannot hear it at all. 


Mathematicians ſhew that the intenſity of ſound 


at different diſtances from the ſounding body, is in- 
verſely as the ſquare of the diftances. 

Sound moves with the ſame velocity at all 
diſtances from the ſounding body. The ſound of a 


_ cannon, or a bell, moves at the rate of 1142 feet 


in a ſecond at all diſtances from the gun or bell. 


If it moves at this rate for the firſt mile, it will 


move 
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move at the ſame for the ſecond mile: fo that a 
perfon who. is within one mile of a cannon when 
It is diſcharged, will hear the report juſt as ſoon 
again as another who 1s at the diſtance of two 
miles. The velocity of found does not decreaſe 
as it is propagated forwards, but continues the 
fame from the firſt to the laſt : but, though the 


velocity of ſound is not altered, while each pulſe 


is produced in an equal time; ſo that though the 
velocity with which the particles vibrate decreaſes 
as the ſound ſpreads, and conſequently decays till 
it ceaſes entirely; yet the velocity with which the 
ſound itſelf is propagated, continues the ſame to 
the laſt; or the velocity with which it is moving 
at the time that it ſtops, is the ſame velocity with 
which it began to move. EXT 

Sounds of different tones move with the ſame 
velocity. This is very evident; for a peal of bells 
are heard in the ſame order in which they are rung, 
whether we are near or at a diſtance, 

Sounds of different inteuſities are propagated 
with the fame velocity. A low ſound cannot be 
heard indeed, ſo far as the loud one may: yet 
founds, either low or loud, will be conveyed in an 
equal time to any equal diſtance at which either 
of them can be heard. The report of a cannon 
does not move faſter, or paſs over a given ſpace, 
fooner than the ſound of an elaſtic ſtring. 

The principal cauſe of the decay of found 1s 
the want of perfect claſticity in the air: whence 
it ariſes that every ſubſequent particle has not 
the entire motion of the preceding particle com- 
municated to it, as in the caſe of equal and per- 
fectly elaſtic bodies; conſequently the farther the 
motion is propagated, the more will the velocity 
with which the particles move be diminiſhed ; the 
condenſation of air will be diminiſhed alſo, 1 

| h the 
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the farther the pulſe is propagated the more is the 
denſity; and conſequently the impulſe on the 
drum of the ear diminiſhed,* 1 
And that the defect of perfect elaſticity in 
the air is a principal cauſe of the decay of ſound, 
appears from this; that ſounds are perceived more 
diſtinctly when north, north-eaſt, and eaſterly winds 
prevail, at which time the air is dry, and conſe- 
quently more elaſtic; for vapours diffuſed through 
the atmoſphere, unleſs dilated by intenſe heat, di- 
miniſh the ſpring of the air. | 1 
Sound requires a ſenſible time for it's propa- 
gation, or paſſage from one place to another: on 
diſcharging a gun the report is not heard till ſome 
time after the flaſh has been ſeen; for light moves 
much ſwifter than ſound, coming from the ſun in 
eight minutes, or 72420 leagues in a ſecond; ſo 
that the velocity of light may be conſidered as in- 
ſtantaneous: and as ſound takes up a conſiderable 
time in it's paſſage, the interval between the flaſh 
and report of the gun ſhews us the ſpace that is 
paſſed over in a given time. | 
From a ſet of curious experiments made at 
different times by different people, we obtain the 
following reſults : 1. That the mean velocity of 
ſound is about one mile in nine half-ſeconds and a 
quarter, or 1142 feet in one ſecond of time: 
2. That all ſounds, whether they be weak or 
ſtrong, great guns, or ſmall, &c. have the ſame 
velocity: 3. That it moves through equal ſpaces 
in equal time, being the ſame at the end as at the 
beginning: 4. That it is the ſame by night or by 
day, hot or cold weather, winter or ſummer: 
. EE, 5. That 


* Other cauſes of the decay of found have been aſſigned, 

but they have been proved to he inadequate to the purpole by 

| rw TO of Dublin, in his Inquiry into the Phenomena of 
ound, | | 
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$. That it is alſo the fame whether the cannon be 
directed to or from the place: 6. That there is a 
fmall difference in the velocity of ſounds, with or 
againſt the wind: 7. It is alſo ſomewhat augmented 
or diminiſhed by a difference in the ſtrength or 
. weakneſs of the wind. | 


Or TRE SPEAKING TRUMPET. 


The augmentation of ſound by this inſtru- 


ment, depends on it's reflexton from the tremulous 
© tides of the tube, which reflexions, by conſpiring 
to propagate the pulſes in the fame direction, in- 
creaſe it's intenſity. Farther, when we ſpeak in 
the open air, the effect on the tympanum of a 
diftant auditor is produced merely by a ſingle 
pulſe : but when we uſe a tube all the pulſes pro- 
pagated from the mouth, except thoſe in the di- 
rect ion of the axis, ſtrike againſt the ſides of the 
tube, and every point of impulſe becoming a new 
center, from whence the pulſes are propagated in 

all directions, a pulſe will arrive at the ear from 
each of thoſe points. Thus, by the uſe of a tube, 
a greater number of pulſes are propagated to the 
ear; and conſequently the ſound increaſed. The 
confinement of the voice may alſo have ſome 
effect, though not ſuch as is generally aſcribed to 


it 3 for the condenſed pulſes produced by the 


naked voice, expand freely every way; but in 
tubes the lateral expanſion being diminiſhed, the 
direct expanſion will be (increaſed, and conſe- 
quently the velocity of the partictes and the in- 
tenfity of the ſound. The ſubſtance of the tube 
has alſo it's effect; for the more ſuſceptible it is 
of tremulous motions, the ſtronger is the effect, 

5 If 


For the errors in accounting for the effects of the tube, 
fee Mr. Young's Inquiry into the Phenomena of Saund, 
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If the tube 15 laid on any! non-elaſtic ſubſtance 
it deadens'the ſound, becauſe it prevents, the vibra- 
tory motion of the parts. The ſound. is increaſed, K 
the ſpeaking trumpet be ſuſpended in the air, be- 
cauſe the agitations are then carried on without 
interruption. Theſe tubes ſhould increaſe in dia- 
meter from the mouth- piece, | becauſe the 
vibrating in directions perpendicular to the ſur- 
face will conſpire 1 in N forward thẽ parz 
ticles of air; and, conſequently, by e | 
velocity. will increaſe the intenſity of the i 
and the ſurface alſo increaſing the number of points 
of impulſe, and of new „ Propagations, » will | increaſe 
. nemo $2674 og ot Dae 
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This ſubject cannot be fully underfiood age 
out reference to mathematical reaſonings, which | 
ve have endeavoured to avoid as much as poſſible; 
ye can only, therefore, make a few obſervations. in 
this place, referring the reader to Mr. Young's 
excellent work for a clear and full explanation, 
He ſhews that the uſual poſition of moſt writers, 
that ſound obſerves the law of all other reflexions; 
that is to ſay, that the angle of reflexion is equal 
to the angle of incidence, is erroneous ; for in ſound 
every — of impulſe becomes a center, frem | 
which a new ſeries of pulſes: are propagated in 
every angle whatſoever, The principles on which 
echos are founded are therefore theſe :' 1. Every 
point | againſt which the. pulſes ſtrike becomes a 
center of a new ſeries of pulſes : 2. That ſound 
deſcribes equal ſpaces in equal times; therefore, 
ven any ſound, is propagated from a center, and 


it's pulſes ſtrike _ a.variety..of obitacles, if 


the ſum of the right lines drawn from that point 
to each of the cles and from each ohſtacle to 
a cond, point,: wg ts 4 then will the latter be a 

Vox, I. N point 
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point in which an echo can be heard. Thus, let 
A (fig. 11, pl. 4;) be the point from which the 
ſound is propagated in all directions, and let the 
pulſes ſtrike againſt the obſtacles C, D, E, F, G, H,], 
each of theſe points becomes a new center of pulſe; 
by the firſt principle; and therefore from each of 
them one ſeries of pulſes will paſs through the 
point B. Now, if the ſums of the right lines 
ACTTB, ADFDB, AE+EB; AG4GB, HAI 
III, be all equal to each other, it is obvious 
that the'pulſes propagated from A to theſe points 
and again from theſe points to B, will all arrize 
at B at the ſame inſtant, according te the ſecond 
principle; and therefore, if the hearer be in that 
prone, his ear will at the ſame inſtant be truck 
by all theſe pulſes. Now it appears from experi- 

ment, the ear of an exerciſed muſician can only 
_ diſtinguiſh ſuch ſounds as follow one another at 


the rate of nine or ten in a ſecond, or any flower 
rate: and therefore for a diſtinct perception of | 
the direct and reflected ſound, there ſhould inter- 
vene the interval of one-ninth of a ſecond ; but | 
in this time ſound deſcribes , or 127 feet [ 
nearly; and-therefore unleſs the ſum of the lin C 
drawn from each of the obſtacles to the points 4 

and B, exceeds the interval AB by 127 feet, no f 
echo will be heard at B. Since the ſeveral ſums [ 
of the lines drawn from the obſtacles to the tl 
points A and B, are of the ſame magnitude, it Ir 

[0] 


appears that the curve paſſing through all the 
points C, D, E, F, G, H, I, &c. will be an ellipſe: a 
hence all the points of the obſtactes which pro- fa 
duce an echo muſt he in the ſurface of the oblong a 
ſpheroid, generated by the revolution of this th 
ellipſe round it's major axis. As there may be th 
feveral ſuch ſpheroids of different magnitudes, ii fle 
follows that there may be ſeveral different echo be 
of the ſame original ſound: and as there ma! By pr 
W709 en , e happen wh 


Fd 1 — 
2 * +3 
Ts. 
. % q 
'F'7 - 
le 


Naruxk anb PropERTIES of AIR, 179 


happen to be a greater number of reflecting points 
in the ſurface of an exterior ſpheroid than in that 
of an interior, a ſecond or a third echo may be 


much more powerful than the firſt; provided that 
the ſuperior number of reflecting Howes, that is, 


the ſuperior number of reflected pulſes propagated 
to the ear, be more than ſufficient to compenſate 
for the decay of ſound which ariſes from it's 
being propagated through a greater ſpace. This 
is finely illuſtrated in the celebrated echos at the - 
lake of Killarney, in Kerry, where the firſt return 
of the ſound is much inferior in ſtrength: to thoſe 
that immediately ſucceed it. | | 
It is not abſolutely neceſſary that the reflect- 
ing points C, D, E, F, &c. producing an echo, 
ſnould lie accurately in the periphery of an ellipſe; 
for if the ſums, of the right lines KTB. 


ADD B, &c. do not differ from each other by 


more than 127 feet, the pulſes propagated from 
theſe points will not be diſtinguiſſiable. However, 
the nearer« theſe ſums approach to equality, the 
more accurate will be the coincidence of the 
pulſes, and conſequently the echo will be the more 
diſtinct. . „ 

From what has been laid down it appears that, 


for the moſt powerful echo, the ſounding body 


ſhould be in one focus of the ellipſe, which is 
the ſection of the echoing ſpheroid, and the hearer 
in the other: however, an echo may be heard in 
other ſituations, though not ſo favourably ; as ſuch 
a number of reflected pulſes may arrive at the 
ſame time at the ear as may be ſufficient to excite 
a diſtinct perception. Thus, a perſon often hears 
the echo of his own voice; but for this purpoſe he 
ſhould ſtand at leaſt 63 or 64 feet from the re- 


flecting obſtacle, according to what has been ſaid 


before, At the common rate of ſpeaking, we 


pronounce not above three ſyllables and an half, 
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that 1s, ſeven half ſyllables in a : ſecond: therefore, 
that the echo may return juſt as ſoon as three 51 
lables are expreſſed, twice the diſtance of the 
ſpeaker from the reflecting object muſt be equal 
to 1000 feet; for as ſound deſcribes 1142 feet in 
a ſecond, ſix-ſevenths of that ſpace, that is, 1000 
feet nearly, will be deſcribed while ſix half, or three 


whole ſyllables are pronounced; that 1s, the ſpeaker 


muſt ſtand near 500 feet from the obſtacle: and 
in general, the diſtance of the ſpeaker from the 
echoing ſurface, for any number of ſyllables, muſt 
be-equal to the ſeventh part of the product of 1142 
feet multiplied by that number. 
In churches we never hear a diſtinct echo of 
the voice, but a confuſed ſound when the ſpeaker 
utters his words too rapidly; becauſe the greateſt 
difference of diſtance between the direct and re- 
flected courſes of ſuch a number of pulſes as 
would produce a diſtin& ſound, is never in any 
church equal to 127 feet, the limit of echos. 
But though the firſt reflected pulſes may pro- 
duce no echo, both on account of their being too 
few in number, and too rapid in their return to 
the ear; yet it is evident, that the reflecting ſur- 
face may be ſo formed, as that the pulſes which 
come to the ear after two reflections or more, may, 
after having deſcribed 127 feet, or more, arrive 
at the ear in ſufficient numbers; and alſo, ſo nearly 
at the ſame inſtant as to produce an echo, though 
the diſtance of the reflecting ſurface from the ear 


be leſs than the limits of echo. This is confirmed 


by a ſingular echo in a grotto on the banks of the 
little brook called the Dinan, about two miles from 


Caſtlecomer, in the county of Kilkenny. As you 


enter the cave, and continue ſpeaking loud, no re- 
turn of the voice is perceived; but on your ar- 
riving at a certain point, which is not above 14 
or 15 feet from the _— ſurface, a very any? 
tan 
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tinct echo is heard. Now this echo cannot arife' 
from the firſt courſe of pulſes that are reflected to 
the ear, becauſe the breadth of the cave is ſo ſmall 
that they would return too quickly to produce a 
diſtinct ſenſation from that of the original ſound: 
it therefore is produced by thoſe pulſes which, 
after having been reflected ſeveral times from one 
ſide of the grotto to the other, and having run 
over a greater ſpace than 127 feet, arrive at the 
ear in conſiderable numbers, and not more diſtant 
from each other in point ef time than the ninth 
part of a ſecond. „ Ls 

The following obſervations on the phenomena 
of ſound, and the vibration of ſtrings, which were 
communicated to me by a very ingenious philoſo- 
pher, will be found to merit your attention. 

The phenomena of ſound and the vibration 
of ſtrings have received much illuſtration from 
the ſkilful experiments, and accurate calculations 
of many judicious mathematicians ; but the mode 
in which vibration is effected and continued in ſo- 
norous bodies, and propagated through elaſtic me- 
diums, does not appear to have been properly at- 
tended to. 1 SORT WH hn; 

C To ſhew that ſound is not propagated by 
undulations or waves, ſuch as we ſee produced in 
water by throwing a ſtone therein, I ſhall firſt point 
out the inſufficiency of the hypotheſis, and after- 
wards indicate the mode jn which I imagine ſounds 
are propagated through the medium, and the fort 
of movement ſtrings receive when in vibration. 

ce It is known from experiments that ſound 
proceeds from a center ſpherically with equal ve- 
locities, whether the cauſe or vibration of the ſo- 
norous body be grave or acute, ſtrong or weak. 
It is obvious that water, which may be conſidered 
as an incompreſſible fluid, cannot be undulated 
from a center ſpherically ; as in this caſe the en- 
a3 "200g tire 
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that is, ſeven half ſyllables in a ſecond: therefore, 
that the echo may return juſt as ſoon as three ſy]. 
lables are expreſſed, twice the diſtance of the 
ſpeaker from the reflecting object muſt be equal 
to 1000 feet; for as ſound deſcribes 1142 feet in 
a ſecond, ſix-ſevenths of that ſpace, that is, 1000 
feet nearly, will be deſcribed while ſix half, or three 


whole ſyllables are pronounced; that is, the ſpeaker 


muſt ſtand near 500 feet from the obſtacle : and 
in general, the diſtance of the ſpeaker from the 
echoing ſurface, for any number of ſyllables, muſt 
be-equal to the ſeventh part of the product of 1142 
feet multiplied by that number. | 


In churches we never hear a diſtinct echo of 


the voice, but a confuſed ſound when the ſpeaker 
utters his words too rapidly ; becauſe the greateſt 
difference of diſtance between the direct and re- 
flected courſes of ſuch a number of pulſes as 
would produce a diſtin& ſound, is never in any 
church equal to 127 feet, the limit of echos. 
| But though the firſt reflected pulſes may pro- 
duce no echo, both on account of their being too 
few in number, and too rapid in their return to 


the ear; yet it is evident, that the reflecting ſur- 


face may be ſo formed, as that the pulſes which 
come to the ear after two reflections or more, may, 
after having deſcribed 127 feet, or more, arrive 
at the ear in ſufficient numbers; and alſo, ſo nearly 
at the ſame inſtant as to produce an echo, though 
the diſtance of the reflecting ſurface from the ear 


be leſs than the limits of echo. This is confirmed 


by a ſingular echo in a grotto on the banks of the 
little brook called the Dinan, about two miles from 
Caſtlecomer, in the county of Kilkenny, As you 
enter the cave, and continue ſpeaking loud, no re- 
turn of the voice is perceived; but on your ar- 
riving at a certain point, which is not above 14 
or 15 feet from the reflecting ſurface, a very dil- 
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tin& echo is heard. Now this echo cannot ariſe 


from the firſt courſe of pulſes that are reflected to 
the ear, becauſe the breadth of the cave is ſo ſmall 


that they would return too quickly to produce a 


diſtinct ſenſation from that of the original ſound: 
it therefore is produced by thoſe pulſes which, 
after having been reflected ſeveral times from one 
ſide of the grotto to the other, and having run 
over a greater ſpace than 127 feet, arrive at the 
ear in conſiderable numbers, and not more diſtant 
from each other in point ef time than the ninth 
part of a ſecond. ee r 
The following obſervations on the phenomena 
of ſound, and the vibration of ſtrings, which were 
communicated to me by a very ingenious philoſo- 
pher, will be found to merit your attention 
The phenomena of ſound and the vibration 
of ſtrings have received much illuſtration from 
the ſkilful experiments, and accurate calculations 
of many judicious mathematicians ; but the mode 
in which vibration is effected and continued in ſo- 
norous bodies, and propagated through elaſtic me- 
diums, does not appear to have been properly at- 


tended to. | | 
« To ſhew that ſound is not propagated by 
undulations or waves, ſuch as we ſee produced in 
water by throwing a ſtone therein, I ſhall firſt point 
out the inſufficiency of the hypotheſis, and after- 
wards indicate the mode in which I imagine ſounds 
are propagated through the medium, and the ſort 
of movement ſtrings receive when in vibration. 
It is known from experiments that ſound 
proceeds from a center ſpherically with equal ve- 
locities, whether the cauſe or vibration of the ſo- 
norous body be grave or acute, ſtrong or weak. 
It is obvious that water, which may be conſidered 


as an incompreſſible fluid, cannot be undulated 


from a center ſpherically; as in this caſe the en- 
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tire maſs muſt be moved, from the nature of in- 
compreſſibility (and yet water will tranſmit ſound. ). 
If it be granted that an incompreſſible fluid cannot 
undulate from a center ſpherically, but that an 
elaſtic fluid may; we reply, that the phenomena 
prove ſound. is not propagated by ſuch undu- 
lations, though the medium may poſſibly be ſuf. 
ceptible of them. - _—- „ 
Let A (g. 5, pl. 4,) repreſent a ſonorous body 
producing the equal and ſucceſſive undulations, 
b, c, d. &c. from a center ſpherically, it is evi- 
dent they would continue ad inſinitum, equal 
_ cauſes producing equal effects, as the wave u is 
equal to the wave 5, and the medium is the ſame; 
conſequently ſound ſhould never decreaſe, as an 
equal wave of the ſame medium would ſtrike the 
ear at d or at n, and produce equal ſound, which is 
contrary to fact. Let A be ſuppoſed to produce 
- undulations decreaſing in the inverſe ratio of the 
ſquare of the diſtance, the velocity of ſound would 
decreaſe in that proportion; but this is alſo con- 
trary to fact, for ſound is always uniform. 
ee It is plain, therefore, that the phenomena 
in either caſe do not correſpond with the hypo- 
theſis, which conſequently cannot be true. 
Let us now ſay by what means ſound is pro- 
pagated or tranſmitted through the mediums pro- 
per for it's tranſmiſſion. | 
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Sound proceeds progreſſively through the air 
with an equal velocity, decreaſing in force, if the _ 
medium be of equal denſity, in the inverſe ratio of 
the ſquare of the diſtance from the ſonorous body. 
Now it is demonſtrated that undulations or waves 
in the air would not produce the phenomena, as 
they would neceſſarily produce equal force with 
equal velocity, or unequal-velocity with unequal 
force: and as motion or force can only be tranſ- 
mitted from one body to another, by direct motion, 
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or change of place, or by rotatory motion without 


change of place; and as direct motion is inſuffi- 
cient to explain the caſe, it remains to try whether 


the rotatory motion of the particles agrees better 
17 65 A | 


with the Known phenomena . 
« Before we proceed further, it will be neceſſary 
to ſay a few words on the movement of vibration 
in the ſtring, or ſonorous body. Let A B (fig. J, pl. 4, 
repreſent a muſical ſtring; place a bit of paper on 
the ſtring (ig. 7, pl. 4, ) and make it vibrate: the 
paper will ſurn round in the direction in which 
the ſtring is ſtruc k till the vibration ceaſes. Now 
it is plain if the ſtring 9/ci/lated; the paper would 
not turn round, but ſimply move from ſide to ſide 
with the ſtring; and if the ſtring moved from 
the center, as when you take a cord in your hand, 
the one end faſt, and turn it round, it would 'be 
twiſted, and naturally turn back again to get rid of 
the twiſt; and conſequently would turn the cord 
back in, &Cc, LOTTO, ak 19, of 7 1 8 
_* But the cord only moves one way; the ſtring, 


therefore, only moves one way, and that way is in 


a ſpiral direction, (fig. 8, pl. 4,) no other being 

roper to produce the effect. The force returning 
* of a ſubtle medium, and the vibration 
decreaſing in proportion to the denſity of the me- 
dium it vibrates in, as it naturally communicates 


more or leſs force, according to the number of 


particles it touches in a given time, as the ſtring 


obviouſly turns in a ſpiral, and does not return, 


it is plain the force can only be kept up by a 


ſubtle medium: now, the ſtring in turning (fig. 9, 


pl. 4,) when at a, ſtrikes a particle of air 0; and as 
it makes tlie circle a, b, before it ſtrikes it again, 
that time is the meaſure of the vibration; each 
particle of air ſtruck- is neceſſarily turned round 
it's axis with a velocity proportioned to the ſtroke: 
@ turns b, b turns b, b, c, &c. but as the number 
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of particles increaſe in the ratio of the ſquare of 
the diſtance, and the force is equally divided be- 
tween the particles; their rotatory velocity de- 
creaſes in that ratio, and confequently their im. 
pulſion, or power to produce ſound ; but their pro- 
greſſive velocity from A to d (fig. 10, pl. 4;) is 
undiminiſnhed: for, although b has four times the 
velocity of c, and nine times that of d, yet b, c, 


and d employ equal time to communicate their 


unequal forces to the contiguous particles. Indeed, 
if we examige the nature of communicating force 
or motion from one body to another, you will pro- 
bably find that ſolid bodies always vibrate, and 
that fluids always have a rotatory motion: for let 
us ſuppoſe an incompreſſible fluid with it's par- 
ticles in contact, it is evident that a fluid could 
only communicate force or motion from one body 
to another by the entire motion of the intervening 
fluid, or by the rotation of it's particles: but as 
we have no idea that motion can be communi- 
cated but by motion, it ſeems difficult to conceive 
how a, can tranſmit force to b and c, without 
being itſelf firſt moved; and in this hypotheſis, 


a, can only have a rotatory motion with the entire 


ac; but as it is not demonſtrable that an incom- 
preſſible fluid exiſts, we can only prove that an 
elaſtic: fluid, where the particles may be ſuppoſed 
ſeparate, with or without the intervention of a 
ſubtle medium, tranſmits force by the rotatory 
motion of it's particles, from the 1nſufficiency of 
any other hypotheſis. „„ 

1 «« Several vague and incorrect expreſſions have 


4 


crept into the doctrine of ſounds; as, that ſound 


is propagated by vibrations in the air: now the 
air does not vibrate; for vibration means a courſe 
and recourſe in a given time, and belongs only to 
the ſonorous body; but the air propagates ſound 
Progreſſively with an equable velocity, without 
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any return: thus, 3 οοοοã⁰ 4 moves b, b moves c, &c. 


oOo 485 
but c never moves b, nor b, a; and a remains at 


reſt till the ſonorous body returns to it, and gives 


it a freſh rotation; for if it were a movement of 
impulſion only, it would cauſe undulation ; and 
as the waves would neceſſarily decreaſe, the velo- 
city would decreaſe ; and if the waves did not de- 
creaſe the ſound would not - decreaſe, as a ſimilar 
wave of the ſame air would give the ſame ſhock, 


and produce the ſame ſound ; but the velocity of 
ſound does not decreafe, and the force of ſound 


does decreaſe : ſound, therefore, cannot be propa- 
gated by impulſion only; and as we cannot ima- 
vine force to be communicated except by impul- 
ſion or rotation, rotation of the particles muſt be 
the mode by which air conveys found. | 
tc That a ſtring makes it's vibrations by a ſpiral 
motion, will appear more evident when we conſi- 
der that the force has at once. a progreſſive and 
rotatory motion: thus, let AB {fig. 6, pl. 4,) re- 
preſent the ſtring of an harpſichord; ſtrike at 
B, the force paſſes from B to A, and as it moves 
along, turns the ſtring at the ſame time. No other 
than a ſpiral motion can produce at once progreſ- 
ſion and rotation; and as the force continues ſome 
time in the ſtring without returning from A to B 
along the ſtring, it ſeems neceſſary to call in the 
_ a ſubtil fluid to tranſmit the force from A 
W bp. 7 a 


Or Mus1cai Souxps. 


There are few who have not felt the charms 
of muſic, and acknowledged it's expreſſion to be 
intelligible to the heart. It is a language of de- 
lightful ſenſations that is far more eloquent than 
words: it breathes to the ear thejcleareſt intima- 
tions ; but how it was learned, to what origin we 

aint owe 
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owe it, or what is the meaning of ſome of it's 
moſt affecting ſtrains, we know not. 
« We feel plainly that muſic touches and 


gently agitates the agreeable and ſublime affections; 


that it wraps us in melancholy, and elevates in Joy; 
that it diſſolves and inflames; that it melts us in 
tenderneſs, and rouſes to anger; but it's ſtrokes are 
ſo fine and delicate, that while it wounds it 


leaſes. As the paſſions of individuals are more 


or leſs eaſily affected, ſo will their taſte of har- 
mony proportionably vary. Muſic is a language 
directed to the paſſions; but the rudeft paſſions put 
on a new nature, and become pleaſing in har- 
mony. It awakens paſſions that we do not per- 


ceive in ordirfary life. The moſt elevated ſen- 


fations of muſic ariſe from a confuſed perception 


of ideal or viſionary beauty and rapture ; which is 


ſufficiently perceivable to fire the imagination, 
but not clear enough to become an object of know- 
ledge. The nobleſt charm of muſic, though real 
and affecting, ſeems too confuſed and fugac ious io 
be collected into a diſtinct idea. Harmony is 
always underſtood by the crowd, and almoſt always 
miſtaken by muſicians; who are in general ſer- 
vite followers of the tafte of the mode; and who, 


having ſpent much time and pains in the practical 


part, Jay a ſtreſs on the dexterity of hands, which 
yet have no real value, but as they ſerve to pro- 
duce thoſe collections of ſound that move the 
paſſions. ry 

True muſic is the tuning and modulation of 


the ſounds and expreſſions of nature, ſo as to ex- 


cite anſwerable ſenſations and ſentiments within 
us. Harmony and mind are connatural ; whatever 
beings partake of either, partake of both : hence 
it is, that muſical ſounds uttered by human voices, 
or iſſued from any mulical inſtrument of man's con- 
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irivance, proceed from what is of Divine origin; 
and the force of them is felt only by whey; is of the 
{ame origin in others; namely, harmony and mind. 
Sound-is nothing more than the ſubject matter of 
muſic : it is harmony which gives forms to this 
matter, and makes /ounds to be mufical ; bub pro- 
portion, harmony, regularity, and order, are af- 
fections of the percipient principle within us; from 
it they receive all their beauty, to it they owe all 
their reality. Yo I | FER 
The theory of muſical ſounds 1s too intricate 
and ſubtle to make a part of my plan of in- 
ſtructions; I ſhall, therefore, content myſelf with 
laying before you à few obſervations, merely to 
awaken your attention to this curious ſubject. + 
All motion is in time and meaſure; and as 


muſical ſounds proceed from motion, they muſt | 


be the objects of menſuration. If they are mea- 
ſurable by numbers, there will be between thoſe 


numbers a variety of relations; ſo that ſome, when 


compared with others, ſhall be rational, and others 
Irrational ; and theſe' will denote the agreements 
or diſagreements of ſounds among themſelves, 
which are called conſonances and diſſonances. 


thickneſs, by performing their vibrations together, 


will ſound the ſame note, or be in aniſon. Two 


pipes of the ſame length and diameter will agree 
in the ſame manner. In the caſe of the ſtring the 
air is ſtruck by the body, and the ſound is excited. 
In the caſe of the pipe the body is ſtruck by the 
air; but as action and re- action are equal, the ef- 
fect is the ſame in either caſe. If the pipe were 
carried forward againſt the air, as ſwiftly as the air 


is driven againſt the pipe, it would utter a ſound, 


as when the air moves and the pipe is at reſt. 
Large inſtruments and long ſtrings produce 

grave or deep tones; ſmall inſtruments and ſhort 
| FF 3 ſtrings 


Iwo ſtrings of equal length, tenſion, and 
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ſtrings produce acute or high tones; in organ. 
pipes, for inſtance, in proportion to their length 
and dimenſions: this is alſo true in muſical ſtrings, 
If I take a muſical ſtring of any length, and di. 
vide it into two equal parts by a bridge in the mid. 
dle, each half ſounds an octave, that 3 is, eight notes 
higher than the tone of the whole ſtring: their 


vibrations relative to the whole ſtring are as 2 toi; 


therefore, they perform the ſame number of vi- 
brations in half the time; conſequently the octave 
coincides with the fundamental note at every ſe- 
cond vibration. 

Hence you will obſerve, that it is the ſhorteſt 
ſtring of a harpſichord which makes the high 
notes; and that they gradually increaſe in length 
as you increaſe to the deepeſt note of the inſtru- 
ment, though there be black and white keys on the 
harpfichord, and each ſtrikes a different note, which 
are called by the firſt ſeven letters of the alphabet. if 
you begin with A, and ſtrike ſeven notes in ſucceſſion 

upwards or downwards, you will either way come 
again to A; they are not, indeed, the ſame notes as 
that with which you began, but they are octaves 
to it, vibrating the one in half, the other in double 
the time. Theſe ſeven notes are thoſe of a peal 


of bells: when there are eight, the ſmalleſt bell 
is an octave to the largeſt. ' To render their in- 


ſtruments more comprehenſive, muſicians have 
introduced intermediate notes called. ſemi-tones; 
cach half a tone higher than the note below it, 
and conſequently half a note lower than the note 
above. Theſe are the ſhort white mo on the 
harpiichord. 


OF Sy MPATHETIC SOUNDS, f 


v 


the 


A ſympathy is obſerved when muſical ſtrings | 
are compared together; and when the ſame ſtring 
is ood with itſelf, the panes ſympathize with 
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e whole. When one ſtring is ſtruck, another 
that is near it, and in concord with it, will anſwer 


it ſo that the ſound may be diſtinguiſned by the 


ear, though ſomewhat obſcurely. When it can- 
not be heard, it's ſympathetic vibrations may be 
diſcovered by laying ſome light body on it, which 
will appear to be agitated, ſo as even to fall away 


from the ſtring: but if the ſame ſtring makes a4 


diſcord with it's fellow, no motion will ariſe in it. 
This effect muſt be ſuppoſed to depend upon the 
undulation of the azzs which being according to, 


or in a certain meaſure, excite correſponding vibra- 
tions in ſtrings that accord with them, but pro- 


duce no effect in thoſe that contradict them: as 
the vibration of a ſtring produces ſound in the air, 
ſo found already excited, if of a proper meaſure, 
will produce vibrations in a ſtring. __ 

There is ſomething ſtill more ſubtle than the 
coincidence between two different ſtrings in con- 
cord, Every ſingle ſtring carries it's own har- 


mony with it. When a ſingle ſtring is ſounded, 


there are certain ſecondary and ſubordinate vi- 
brations attending upon the primary ; inſomuch, 
that it is queſtionable whether there is any ſuch 
thing as a ſolitary ſound in nature. | 


* 


What ſhare ſoever man may ſeem to have in 


modifying, all that is found in this world to de- 
light the ſenſes, is primarily the work of God. 


7 


Wine is prepared by human labour, but it is given 
us in the grape by the Creator. The priſmatic 


glaſs is the work of art; but the glorious colours 


it exhibits to the eye are from Him who ſaid, 


Let there be light, Man is the contriver of muſical 


inſtruments, but the principles exciting harmony 
are in the elements of nature. The element of 


air was as Certainly ordained to give us harmonious 
ſounds in due meaſure, as to g1ve reſpiration to the 
lungs; it is ſo conſtituted as to make thouſands of 
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pulſes at an invariable rate, by means of which the 
Droportions and coincidences of muſical founds are 
preſerved.* 

Muſic may be contifiiret farther, as the work 
of God in the nature of man, who has enabled him 
to ſing as well as to ſpeak. The gift of ſpeech 
we cannot derive but from the Creator; and the 
gift of ſinging is from the ſame author. The fa. 
culty by which the voice forms muſical ſounds is 
as wonderful as the flexures of the organs of ſpeech 
in the articulation of words. The human pipe 
is of a ſmall diameter, and very ſhort, when com. 
pared with the pipes of an organ; yet it will dif. 
tinctly give the ſame note with the pipe of an 
organ eight feet in length. The moveable oper- 
culum on the pipe of the human throat, which is 
imitated by the reed of the ofgan, has but a very 
ſmall range: yet, with the contraction and ex- 
panſion of the throat, it will utter a ſcale of ſe- 
venteen degrees, and divide every whole tone into 
an hundred parts, which is ſuch a refinement 
on mechaniſm as exceeds all deſcription. Con- 
trary to the opinion of ancient philoſophy, it 
has been demonſtrated by the late curious ex- 
periments of a very ingenious inquirer into the 
frame of man, in a neighbouring nation, to be 
partly flutal, and partly chordal : wherein the 
vibrating air, in it's various degrees of expiration, 
or propulſion from the lungs, ſerves as a bow, or 
as quills to ſtrike upon the chords. The correſ- 
pondent vibrations of the little chords have, by 
his diſſections,” been made apparent to the eye, 
continuing as long as the ſound continues; the 
ſound dying away as the vibrations ceaſe. The 
cartilages and muſcles, which ſerve variouſly to 
extend, or to remit theſe chords, and thereby at- 
tenuate: them, or increaſe their diameters, fo a 

e 10 
* Jones's Sermons, vol. ii, p. 166 to 163. 
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to render the voice either ſhriller or deeper, are 
a contrivance which almoſt ſurpaſſes wonder; eſ— 
pecially when we conſider the amazing ſubtlety, 
and nice adjuſtment of the machine in it's ope- 
ration; that the whole difference of extenſion or 
contraction, within which the entire extent of the 


variety of notes, lies within the compaſs of two 
or three lines, or within the minute. compaſs of 
a fixth or fourth part of an inch. Thus you ſee 
that the works of God ſurpaſs the imitation, or 
even comprehenſion of human art; wonderfully 
made for the communication of ſocial pleaſure and 
moral improvement. ** 
The ſame may be obſerved of the ear: if 
this were either more or leſs ſenſible, we ſhould 
never have had any idea of melody or harmony ; 
for a ſtring and it's aliquot diviſions are as 
1,4, 4, th, &c. and the number of vibrations in 
a given time are as the numbers 1, 2, 3, 4: con- 
ſequently, this ſeries of ſounds muſt contain all 
the poſſible varieties of intervals. If, therefore, 
every aliquot diviſion produced a ſenſible effect by | 
it's. vibration, we ſhould hear in every muſical 4 
ſtring an infinite variety of chords, diſſonant and 
conſonant, in ſharp and flat keys at the ſame time. 
Thus would all the charms of melody be deſtroyed, 
and where many mufical ſtrings were ſounding to- 
gether, this confuſion of conſonance and diſſonance 
would be till farther increaſed; and we ſhould, 
therefore, have been deprived of the perception - 
harmony. BET bh „„ „ 
lou have here then another inſtance of the 
admirable ſkill with which the different parts in 
nature have been adapted to each other by their 
all- perfect Creator. In other caſes you have found 
him conſulting the welfare of his creatures; in tbe 


Preſent inſtance you muſt infer that he has nat 


3 been * 
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been leſs attentive to our. innocent gratifications? 


for had the human ear been endued with a leſs 
degree of ſenſibility than it is at preſent poſſeſſed 
of, it is evident that we ſhould have loſt much of 


the delightful effects of harmony; had it been 


endued with greater, we ſhould have had no per- 
ception either of melody or harmony; ſo that the 
human ear has the proper conſtruction that contri. 
butes moſt to the pleaſures of hearing. 

I have now finiſhed one of the firſt ſubjects 
that I meant to explain, and have laid before you 
an account of the principal properties of our cir- 
cumambient atmoſphere. Many things yet remain 
to be explained; one or two of theſe I ſhall ſlightly 
mention ; others cannot be diſcuſſed till I treat on 
fire and elaſtic fluids. 

The atmoſphere that e our earth, 
contains a mixture of all the active and volatile 
parts of the habitable world; that is, of all vege- 
tables, minerals, and animals: whatever perſpires, 
corrupts, or exhales, impregnates the air. By 


it's perpetual oſcillation air continually operates on 


all things that have life, whether animal or vege- 
table, keeping their fibres and veſſels in continual 
action, according as it's preſſure and elaſticity arc 
varied by heat or cold, moiſture or dryneſs. By 
it's preſſure the parts of our bodies are kept com- 
pactly together, and the fluids prevented from 
burſting their veſſels: in the ſame manner with 
vegetab * without this preſſure, the internal air 
would eſcape, and deprive the juices of the agent 
that helps to drive them forward. So far from 
being injurious to us, this preſſure is our greateſt 
comforter and aſſiſtant : when the air is heavieft 
our ſpirits are found to be the lighteſt ; when the 


mercury is at it's greateſt height we are invigo- 


rated and enlivened, and are more alert than when 
the mercury is low and the atmoſphere light. 


ON 
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It is the particles of air and other corpuſcles 
floating in the atmoſphere, which form that noble 
and lovely blue canopy ſo magnificently arched 
over our heads: it is theſe which reflect thoſe in- 
numerable rays of light, which occaſion the ſoft 
approaches to day and night, the morning dawn 
and evening twilight: it is theſe particles that 
form that enfeebled appearance which gives you the 
idea of viſible diſtance ; the objects that are near, 
glowing in lively colours, while thoſe at a diſtance 
are circumfuſed in a blue .miſt, too faint to be 
called a cloud ; but receding ſtill further from you, 
they wholly diſappear, and ſink in the circumfluent 
ocean of air: it is here that the clouds, penden< 
lakes of water, are ſuſtained, and float. The 
yielding atoms glide from you in the paſſive 
air while it is ſtill; yet, if the ſtorm blows, and 
the air in full tide ruſhes one way, it bears down 
houſes and large foreſts ; it ſweeps the vaſt ſeas into 
mountains. However inſenſible the oppoſition of 
every ſingle particle may be, and however irrefiſti- 
ble the motion and force of a cannon ball that lays 
in duſt the firmeſt, caſtles and fortreſſes, yet is it's 
force in a few moments overcome and deadened 
by the numberleſs and ſucceſſive oppoſition of the 
particles of the yielding air. 33 
In the courſe of your philoſophical purſuits, 

many arguments. will occur, both from nature and 
experiment, which ſeem to prove that the element 
which ſurrounds us is not merely a mixture of air 
and fire, but one thing in kind, conſiſting of parts 
differing in degrees of ſubtlety, from the groffeſt 
to the moſt refined air; with a gradation ſo inſen- 
ible, that we ſhall, never be able to ſay where air 
ends and fire begins: as the light of the rainbow 
grows ſo dilute by degrees, that no line can be 
drawn between it's edge and the uncoloured ſky. 
Yer, from the groſſeſt air to the moſt intenſe nire, 

Vol. | PET | | | the 
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the progreſſion is fo remote, that philoſophers have 
connected air and fire by the mediation of what 


they call a ſubtil matter, partaking of the nature 
of both, * Eoin = f 
Experiment and reaſon ſeem further to prove f 
that light is the mediating ſubſtance between fire ; 
and air; it's two extremes are red and blue; dne 10 
the colour of fire, the other of the air. The red 10 
rays are either fire, or would be ſuch under certain * 
circumſtances: while the ſhades of blue vaniſh o 
into air, or would be ſo if we could purſue them - 
far enough; but when they ceaſe, to be coloured, * 
they ceaſe to be viſible.* | —_ * 
That air and fire are different conditions of 8 
the ſame elementary matter of the heavens, is ſo fi 
far from being a new opinion, that it is a doctrine II 
of great antiquity. If air reſolves itſelf into fire, wh 

and fire by it's turn reverts to air, it ſeems nothing 
more than what is commonly obſerved in water, 55 
which aſſumes the ſolidity of ice, and coaleſces into . 
the fleecy form of ſnow, or becomes rare and im- ah 
palpable in vapour: under all theſe conditions, it | 
is nothing. but the one ſimple ſubſtance of water, _ 
to which it returns ſooner orlater. When you affirm his 
that a ſnow-ball and the water in a cauldron are of rof 
the ſame ſubſtance, who can deny it? A child 5 | 
who ſhould feel both, would not readily under. ſon 
ſttand how this could be; and yet are we not al and 
children in philoſophy? Various ſimilar inſtances ore: 
may be pointed out, all tending to illuſtrate theſe wh 
notions. | „ . tho! 
But if the conſtitution of the air be agreeable and 
to this analogy, we muſt conſider the matter of the ciou 
heavens as one vaſt fluid, whoſe 17055 differ in 1 
magnitude; ſo that ſome will be ſtopped. by thc the 


ſurfaces of bodies, while others e | pa 
„ LO path Tree 


* Jones's Phyſiological Diſquifitions, | 


> 


=_ 


— — 


„ a _ ww C2 


=? 


TY G33 — Þ why ry ww ww 


—— GMUG” tb rw a qE DE TD 


| Narurz and PropeRTIES. of Arx. 195 


freely through their pores » thus ſome will be 


acting within, others without bodies; ſome will 
heat, others will cool them ; ſome will compreſs, 
others will divide; and thus carry on the two 
great and, univerſal effects of conſolidation and diſ- 
ſolution, generation and corruption k 
Already I have obſerved to you how much 
theſe ſtudies tend to cheriſh and invigorate a taſte 
for true beauty and lovelineſs, a deſire to dwell on 
truth, equity, and goodneſs : by contemplating theſe 
objects, you will be inſpired with an admiration 
and love of them; admiration and love beget 
imitation firſt, and then ſimilitude. I have alſo 
obſerved to you that every effect in the creation of 
the world, or the government of it, ſhews the con- 
ſummate wiſdom of it's Creator and Governor. 
This wiſdom, indeed, is ſeldom ſeen but by thoſe 
who philoſophize, and are curious to ſearch and 
pry into the wondrous frame of every piece of 
Divine workmanſhip; and into the ſecret /prings, 
and every complicated movement of the Divine 
conmpration 898 pn 
Ihe wi/dom ſhewn in any work, operation, or 
energy, whatever it may be, is diviſible into two 
kinds: one reſpecting the end or deſign, the other 
reſpecting the means by which the end or deſign 
is accompliſhed. Every end is w/e in which 
ſome conſiderable good is intended to be produced; 
and that 1s the wiſeſt end in which the moſt and 
greateſt good is intended: all means are wiſe 
which have a fendency to produce their end; and 
thoſe are the wiſeſt means which are the forteſt 
and /impleſt, and at the ſame time the moſt efica- 
ciaus and certain. 5 
Now, in that ſtupendous work, the fabric of 
the great world, or the external univerſe of things, 
| : | you 
* Jones's Phyſiological Diſquiſitions, _ | 
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you will find every requiſite to prove that wiſdom 
the moſt perfect was the Creator of it: for if the no 


world in which we live, this terraqueous globe, tu 
with it's ſurrounding atmoſphere, and as much as 
we can fee above it, be taken for a ſpegimen of ow 
the whole, it will appear to you, on an accurate all 
ſurvey, that the end intended to be produced by tie 
the creation, was the moſt good poſſible ; good to tue 
every being ſo formed as to be capable of enjoy- nat 
ment; and to the nobleſt of theſe created beings wh 
as much and as great good as it is poſſible for crea- 
tures to enjoy: the proof of this has already the 
commenced, and will be continued through the Wo 
courſe of this work. It is beyond human power 0 
to conceive a better contrivance for good than the tho 
air that ſurrounds our earth: it is this that makes his 


way for the tranſmiſſion of light, without which 
the faculty of ſeeing in all animals, would have 
been uſeleſs. It is this that provides for the eaſe 
and freedom of motion upon earth, without which 
life itſelf had been beſtowed to little purpoſe. It 
is this which communicates ſound, without which 
we could not have conveyed our thoughts to one 
another by the help of ſpeech ; not to ſpeak oi 
the pleaſure which reſults from the harmony of 
different ſounds. It is this that gives riſe to the 
ind, which mixes and tempers the exhalations in- 
terſperſed in the atmoſphere, corrects the heat in 
' the hotter climates, and carries the clouds from 
place to place, to diſtil the needful rain; which, 
- deſcending in prolific ſhowers and dews, makes 
the ſmiling earth teem with plenty and beauty. 
It is this that is the breath of life in all ſub- 
lunary creatures : it is owing to this that ſo many 
claſſes of creatures are able to wing their way 
through the aerial regions. The more you refle& 
upon every circumſtance, the more you will be 


convinced, that our benevolent Lord and God could 
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not have better adapted this part of inanimate na- 
ture for the diffuſion of good. l. 

Air is a general agent, not only exerting it's 
own, but calling forth the qualities or powers of 
all bodies: nothing ferments, vegetates, or putre- 
fies without air, which operates with all the vir- 
tues of the bodies included in it; that is, of all 
nature; there being no drug ſalutary or poiſonous 
whoſe. virtues are not breathed into the air. | 

I ſhould here like to give you the opinions of 
the antients on the ſubject of air: the diſcuſſion 
would be intereſting and inſtructive; but, as it 
would lead us too far, I muſt confine myſelf to 
thoſe of Hippocrates; à man almoſt deified for 
his knowledge by thoſe of his own time. He had 
enriched his mind from the experience of earlier 
times, and a diligent ſtudy of nature: The ele- 
ment of air has,” ſays he, «© dominion over the 
human body, and is the principal ſource of all 
things that happen to it, whether good or bad. 
It's power and influence deſerve well to be exa- 
mined; for wind is no other than a current of air 
rolling along in impetuous waves, which are ſo 
violent as to tear up trees by the roots, raiſe the 
waters of the ocean into a ſtorm, and overwhelm 
and fink the largeſt veſſels to the bottom of the 
deep. Such, and ſo great is the power it exerciſes, 
though at the ſame time it is not an object of our 
ſenſes, but manifeſt only to our reaſon, What 
are the effects to which air is not neceſſary? or in 
what place is it not preſent? All the ſpace between 
the heaven and earth is filled with it, It is the 
cauſe both of winter and ſummer : in the winter 
it is condenſed and cold; in the ſummer it is 
mild and ſerene, The ſun, moon, and ſtars are 
directed by it in their courſes; for air is the ali- 
ment of fire, and fire that is deprived of it be- 
cames extinct; ſo that the ſun itſelf has a per- 
A 03 petual 
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petual motion, by means of a pure and perennial 
air. The ſea itſelf is impregnated with this ele. 
ment, becauſe the inhabitants of the water cannot 
ſubſiſt without it: in a word, it ſuſtains the moon 
in it's orbit, ferves as a vehicle to the earth, and 
no place is void thereof. | | 
Plato, the greateſt and moſt amiable of the 


Greek philoſophers, accounts for the animal func- 


ions from an zntertexture of air and fire acting 
throughout- the whole' frame of the body. To 


ating through the body outwards ; while the ele. 


ment of Air compreſſes from without, and coun- 
reracts the force of the internal fire. 
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As it is one end of theſe Lectures to open 
4 and improve your underſtanding—to invi- 
gorate and expand the faculties of your mind 
to exhibit. a clear view of the beauties of creation 
the properties of matter the laws of motion 
the powers and immortality of man the ultimate 
intention of God in the production and preſer- 
vation of the univerſe; it will be proper to lay 
before you, from time to time, the nicer. diſcrimi- 
nations of truth and falſehood, which cannot be 
better effected than by collating the ſentiments of 
the wiſeſt and moſt experienced among mankind, 
and laying them before you. e 
Though TRVUrnH does not appear in the other 
departments of learning with that bold and irre- 
ſiſtible conviction with which it preſides in ma- 
thematical ſcience, it ſhines through them all, if 
not interrupted by prejudice, or perverted: by 
error, with a clear and uſeful, though inferior 
ſtrength: and as it is not neceſſary for his 8 
ſafety or convenience that the traveller ſhould 
always enjoy the heat and ſplendor of a mid-day 
ſun, whilſt he can purſue his journey with more 
pleaſure and accommodation'under the weaker in- 
uence of the morning or evening ray, ſo it is not 
requiſite for the various concerns and purpoſes of 
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life, that men ſhould be led by truth of the moſt 
redundant brightneſs.“ 
On the contrary, it is in every view more uſe. 
ful and expedient for us,  fituated and circum. 
ſtanced as we are, that Providence has teft ug 
in the confines of much darkneſs, to act and 
move under the ſhades of weak, but ſufficient evi. 
dence: ſuch is the evidence we are obliged to re- 
ſort to in natural philoſophy. 
I0o know the inherent powers and properties, 
qualities, attributes, motions, operations, cauſes, 
and effects of thoſe bodies with which we are by 
nature every where ſurrounded; which are perpe- - 
tually ſoliciting the external ſenſes, and with whoſe 
uſes we are immediately concerned; conſtitute the 
various and extenſive field of Purs1cs or Naru- 
RAT PHILOSOPHY, ff 


Or PaysIcar PRINCIPLES. 


f The evidence of the external ſenſes is obvi. 
ouſly the primary principle from which all phyſi- 


cal knowledge is derived. 


1 But whereas nature begins with cauſes, which 
after a, variety of changes produce efe#s, the 
ſenſes open upon the eis, and from them, 


3 through the flow and painful road of experiment 
: . and obſervation, aſcend to cau/es. . 
| f Mul/[ỹun appears upon the ſtage. of this material 


ſyſtem as upon a viſionary. theatre, in which he 
looks only upon the exterior of things, as the eye 
upon a flower that is full blown; or upon an inſect 
in all the pride and beauty of it's colours, without 
_ obſerving immediately the diferent ſtages through 
which they have paſſed, the different forms they 
have aſſumed,” the different changes they have un- 
DE SIDES TOHCIPTIOTEDONITR 06 dergone; 
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dergone; and without deſcending to the /eeds and 


principles from which they ſpring, and which, 

on examination, will be found totally different 
both in form and colour, In like manner are the 
ſenſes, the ultimate criteria of all phyſical know- 
ledge, liable to be impoſed upon and deceived in 


regard to the qualities and cauſes, the powers and 


operations of PHYSICAL BODIES. - 
The ſenſes are therefore to be aſſiſted by obſer- 
vations taken with diligence and circumſpection; 
and to be undeceived by different analyſes, which 
diveſt nature of her external and compounded 
form, and lay open her internal mechaniſm and 
conſtruction : their errors and miſconceptions are 
to be recti fied by the uſe of experiments of dif- 
ferent kinds, which penetrate her inmoſt receſſes, 
and deſcend to her remoteſt cauſes. By the ap- 
plication of ſuch aſſiſtance they are enabled, but 


not without difficulty, to leave behind the fallacrous, 


to paſs from one appearance to another, and, as far 
as human ſearch can go, to judge of the realities of 
things. 2, | | [22h 


Lord Bacon, the. great friend and father of philo- 
i jo has obſerved, is to be examined and cor- 
rected by various methods; for though they de- 
ceive us on all occaſions, they themſelves diſcover 


the errors into which they lead: but, whereas the 
errors lie immediately before us, the indications of 


them are to be ſought at a great diſtance. 
they either deſert, or elſe. deceive us. Many ſub- 
jects elude their cognizance, however well they 
may be diſpoſed and free from impediment ; either 
from the tenacity of the whole object, or the ex- 
treme minuteneſs of it's parts; from the diſtance 


of it's ſituation, the ſlowneſs or velocity of it's 
motion, 1t's familiarity to che eye, and from many 
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other cauſes. And again, where they fully aps 


chend their objec, they are not to be. ſecurely 
relied upon; for the teſtimony and information of 


the ſenfes depend on the analogy and conſtitution 


of man, and not on thoſe of the univerſe; ſo that 
to ſay that ſenſe is the adequate meaſure or competent 
judge of things, is an aſſertion founded in miſtake. 

To obviate the imperfections of ſenſe, philo- 
ſophers are under the neceſſity, by much labour 
and attention, of calling in aid from every quar- 
ter, in order to ſupply the deficiencics, where the 


fenſes fail us ; and alſo to regulate and rectify 


them where they vary in themſelyes. This is ef- 
feaed not ſo much by the uſe ,O1 inſtruments as 
by the help of experiments ; for experiments are 
more penetrating and ſubtil than the ſenſes, even 
when aſſiſted by inſtruments of the moſt exquiſite 
contrivance.. I mean,” ſays Lord Bacon, for he 
is ſtill ſpeaking to you, * ſuch experiments as are 


' ingeniouſly invented, and applied with {kill and 


addreſs, to the clucidation of every thing which 


is the ſubject of inquiry. 
Philoſaphers do not therefore rely upon the 


perception of the ſenſes, immediately applied as 


in their proper and common exerciſe, but bring 


the matter of judging to this ifſue : That the 


ſenſes judge of experiments, and experiments of 
things: thus experiments are in fact as the reli- 
gious guardians of the ſenſes, from which every 


thing in ſound philoſophy is originally derived, 


and the ſkilful interpreter of their oracles; ſo 


that whilſt others only pretend, true phzloſophers 
in reality cultivate and ſupport the! EVIDENCE OF 


SENSE. > AT 1 . 


It may, 3 þ laid. foi as: a maxim, 
That no phy/ical effect is really explained or un- 


derſtood, unleſs. it be, deduced from a phyſical 
enum; the exiſtence. 49g, n of which can 


be 


of Ri. o.com bean. A. 
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be experimentally demonſtrated.” Men have no 
right to aſſume the character of lawgivers to the 
works of God, but muſt be content to borrow 
from them all the laws of philoſophy. -. | | 
I ſhall hereafter endeavour to explain to you 


the nature of phy/ical rea/oning, and ſhew you how 


the philoſopher is conducted by a ſlow, but ſteady 
pace, in the rational inveſtigation of the general 
cauſes of phyſical truth: my preſent buſineſs will 
be to treat of the wonderful element of FIRE; an 
agent concerned in almoſt every operation in life, 
and every phenomenon in nature; and you may 
boldly affert, that that ſyſtem of natural philoſo- 
phy which does not confider the agency of fire 


in it's explanation of phenomena, is not fgunded. 


on truth. 
Or Fink. 


Hire is an agent of ſuch importance toward 
the government of the natural world, and of ſuch 
uſe in all the concerns of life, that it has always 
attracted the notice of mankind, and driven them 
into various ſpeculations. We find, accordingly; 
that the ancient heathens not only admitted it into 
their philoſophy, filling the univerſe with it's ſub- 
ſtance, and deducing therefrom all the greateſt 
effects in nature; but they were ſo ſtruck with it's 


** 


power and uſe in the world, that they paid to fire 


divine honours. | 4 | 
Notwithſtanding it's celebrity among the an- 
cients, and the univerſality of it's agency in na- 
ture, very different opinions have been held by 
the moderns concerning it; ſome contending it 
it was incorporeal ; others diſputing whether 
fire in itſelf is truly a being like water, air, and 
earth, or an adventitious and acceſſory pro- 


perty reſulting from the inteſtine motion of the 


inſenſible 
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inſenſible particles of matter; it will be necef- 
ſary, therefore, to prove to you the c a and 
reality of fire as a diſtinct being. 

The far greater part of thoſe who have con- 
ſidered the ſubject, believe fire to be a ſubtil, ac- 
tive, and elaſtic fluid, univerſally diſſeminated 
through the univerſe, penetrating all bodies with 


more or leſs facility; having a conſtant tendency - 


to diffuſe itſelf uniformly, ſo as to maintain an 
equilibrium; dilating the ſeveral ſubſtances it pe- 
netrates, and making them aſſume the ſtate of flui- 
dity, and afterwards that of vapour. Whenever 
you perceive a number of qualities always exiſting 
together, you are warranted to conclude that there ts 
Some ſubflance which produces thoſe qualities, 


FIRE A REAL AND MATERIAL SUBSTANCE, 


Fire can drive out other matter from any 
given ſpace; and certainly that which can expel 
other bodies, and take the place of them, muſt 
itſelf be body. If the ball of a thermometrical 


tube be filled with air, ſpirits, or mercury, fire 


applied underneath will expel them all in their 


turns, which it cannot do but in virtue of it's 


own proper extenſion; and if it be extended, it is 
a bodily fubſtance. 

Whatever occupies ſpace, and reſiſts the 
touch, we have a right to call a material ſub- 
ſtance, whether we can /ee it, and weigh it, or not: 
thus air, which is /nvi/ble,' and not very eaſily pon. 
derable, is univerſally, allowed to be a Malans, and 
nal a quality, _ 

Light is an emanation. af; Fr the decompo- 


fition of the rays of light proves their materialit ): 


what is light on the ſurface of a burning-glaſs, is 
fire at it's focus; whatever, therefore, praves the 


OED light is applicable to fire. „ 
* 5 PP A fluid, 
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A fluid, ſubject to the like laws with the 
elaſtic air, muſt be as material as the air is. Fire, 
in common with air, is ſubject to be confined by 
an incumbent preſſure, and releaſed when that 
preſſure is withdrawn. Fire would make water 
boil much ſooner if it were not reſiſted by the 
preſſure of the atmoſphere on it's ſurface; and 
therefore it boils, as you have ſeen, with a very low 
degree of heat in the vacuum of an air- pump. 

Fire evaporates alſo from an heated liquor 
more flowly, when counteradted by the preſſure of 
the air: thus, if two equal veſſels of water equally 
heated be ſet to cool, one under the exhauſted re- 
ceiver of an air-pump, the other in the open air, 
the water under the receiver will cool ſooneſt: 
thus proving that fire is confined by an incumbent 
preflure, and that it evaporates with greater _ 
dom where there is leſs reſiſtance. 

Proofs multiply on proofs to ſhew that fire is 
a material ſubſtance ; for, like any actual ſubſtan. 
tial fluid, it may be transferred with different cir- 
cumſtances, from one parcel of matter to another. 
If you add any quantity of hot water to the ſame 
quantity of quickſilver, of the ſame temperature 
with the atmoſphere, the water will communicate 
about twice as much heat to the quickillver, as the 
quickſilver of the ſame. heat would give to water 
as cool as the quickſilver in the firſt inſtance. 
This ſhews that fire is not the production of mo- 
tion in the ſolid parts of matter; becauſe in that 
caſe the heavier particles of quickfilver would 
communicate more motion to the parts of water, 
than the parts of water, which are ſo much lighter, 
and have conſequently leſs momentum, could com- 
municate to the quickfilver; whereas the effect 
of the. heated. water on mercury is twice as great 
as the effect of the heated quickſilver on the 
Water. Manes AIR GI a en 2 of 
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ſome matter or element from one of the bodies into 
the other; and is inexplicable, upon the ſuppo- 
ſition that the particles are expanded by an innate 
repulſion, or any «n/ub/tantial quality; for how can 
quality be poured out like a liquor from one veſſel 
to another? or move like a river with different de. 
grees of force, through channels of different 
breadths, as is plainly here the caſe with fire?“ 
| Put a piece of iron or copper into a glaſ 
veſſel containing aqua fortis; if it works tolerably 
well, place the phial under a receiver, and exhauſt 
the air; it will then work with more violence; 
ſo much ſo, that if the air were exhauſted to an 
high degree, it might poſſibly take fire and ex- 
plode. While it is boiling with vehemence, drop 
It into a veſſel of cold water (previouſly placed on 


the plate of the pump,) which will very ſoon ſo 


check the operation, that the aqua fortis will not 
work with the ſame violence ſo long as it 1s ſur- 
rounded by the water. That the agent in this caſe 
is fire, appears very plainly, and that the motion 
does not make the heat, but that the fire and heat 
occaſion the motion ; becauſe when the air, the na- 
tural antagoniſt of fire, is removed, the fire acts 
more freely. That the water applied externally 
ſhould check the fire, is very natural, if it be con- 
ſidered as a fluid; but no reaſon can be given why 
it ſhould check the operation, upon any other 
principle. | e 
Nothing can be more ſtrange than to imagine 
motion can impart a property which it has not in 
itſelf: what kind of connection is there between 
the ideas of burning, and motion of any ſort ? or 
| how can motion account for any thing but motion? 
Imagine all kinds if you pleaſe; let them begin 
how you will, and take as many different direc- 
PF AE | : tions 
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tions in all their different particles—will this con- 
vey to your mind the idea of heat, light, or fire? 
Had you never felt the effects of fire, though you 
had ſeen the inteſtine motions of all the particles 
of the globe, do you conceive theſe motions would 
have given you the idea of heat or light? _ 
Motion may diſengage fire from bodies, or 
it may give it a particular direction, in which it 
may have a more ſenſible effect; but motion does 
not create fire. Motion may render things ſen- 
ſible, which it does not create or cauſe; and it 
may diſpoſe them to act ſo as they would not have 
ated while at reſt, We do not perceive the ex- 
iſtence of air when there is a perfect calm; but 
when the air is put in motion, we perceive it: the 
motion does in this cafe all that the motion does 
in the other; it does not create what we perceive, 
though it renders it ſenſible. There was fire in 
the wood, and there was air in the field, though 
we did not perceive either while at reſt: the rub- 
bing two pieces of wood does not create fire, any 
more than the blowing of the wind creates air: 
motion only renders both perceptible; they both 
exiſted, although unſeen and imperceptible to our 
8 | 5 
Among the inconceivable and incredible myſ- 
teries that philoſophy propounds, we may conſider 
that which intimates the poſſibility of fire being 
nothing elſe bur an intenſe vibratory motion of the 
particles of an heated or ignited body. In the 
hotteſt bodies we cannot be made ſenſible of vi- 
bration exiſting among their particles, while cer- 
tain ſounds will cauſe the moſt ſolid ſubſtances to 
vibrate perceptibly, without producing any heat. 
That fire cannot be cauſed by any mechanical 
motion we can impreſs, is evident; becauſe on 
mechanical principles the effect muſt always be 
proportionable to it's cauſe : in the caſe of fire 
ee 4 | tie 
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the effect very far exceeds the cauſe, ſuppoſing * 
latter to be only a nechanical percuſſion, as in the 
caſe of hammering iron till it be red-hot. We 
allow that by a few ſtrokes of an hammer the iron 
will be put into motion, and heat will be produced; 
but if you direct this motion of theſe particles 
upon another body whoſe. parts are at reſt, theſe 
will reſiſt the communication from the former, in 
proportion to their vis inertiæ, and the eoheſion 
of their parts. No reaſoning upon mechanical 
principles can ſhew why motion ſhould increaſe 
and multiply itſelf without end, as we ſee fire do: 
beſides, motion and vibration are es, for matter 
will not begin to move itſelf: and further, thoſe 
that have adopted the hypotheſis of motion, have 
never proved the motion for which they contended: 
if granted, the phenomena could not be explained 
by it. If heat depended on motion, it would im- 
mediately paſs through an elaſtic body; but it 
; Paſſes through them flow, like a fluid: if it de- 
| pended on vibration, it ought to be communicated 
from a given vibration, in proportion to the quan- 
tity of matter; but this is contrary to facts.— 


When we ſee a ſmall ſpark gradually ſet a large 


city in a blaze, it is impoſſible to ſuppoſe that there 
is no more motion in all the parts of the city thus 
on fire together, than there was in the firſt little 
ſpark that began the fire; or that there is no more 
wer or force in this fire, than in the ſcarce diſ- 
tinguiſhable ſpark by which it began. Further, 
the laws of the communication of fire are not ana- 
logous to the laws of motion; and nothing is leſs 
known, or more difficult to be known, than the 
rogreſſion and communication of fire in ſyſtems 
of bodies of unequal temperature. HH 
In whatever way you exarnine nature, whether 
yo ou begin with it as it ſtands to the reaſon, and then 


divide it by the imagination into all it's various 
2 | modif- 
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modifications; or whether you begin with the 
moſt general properties as they appear to the ſenſes, 
and then compound them into, all. the, variety of 
nature, ſtill you will find that fire has the ſame 
pretenſions to reality with air, earth, and water. 
How came it then that motion was ever aſ 
ſigned as the cauſe of fire? It ſeems to have ariſen 
from our being apt to conſider what we ſee imme- 
diately precede any thing, as the cauſe thereof: 
hence, perhaps, Bacon, Deſcartes, and Newton, 
having obſerved that heat followed the friction of 
two dried bodies: rubbed together ; that à cord 
caught fire by being rubbed againſt hard ſub- 
ſtances; and that a piece of iron might be beaten 
red-hot 3 were inclined to imagine that this motion 
was the cauſe.which generated the heat; though _ 
a perſon who had never ſeen thofe experiments, 
but who had abſerved that motion of ſome kind or 
other had been alevays produced in all matter upon 
the application of fire, would certainly have con- 
cluded the contrary that motion was cauſed by 
fire: and when he found that heat is very often by 
no means the reſult of motion, but produces cold. 
he could not but infer the reality of the exiſtence 
of fire; which never fails to produce motion, in 
oppoſition to motion being the cauſe of fire, which 
iz at beſt but a partial cauſee. 
That ſpecies of falſe reaſoning which pro- 
ceeds from a few particulars to a general conclu- 
hon,. ſteals into the mind ſo imperceptibly, that 
men can hardly be too much on their guard againſt 
it. Conſidered in it's own nature, nothing can be 
more obvious than that a propoſition, which may 
be true in a particular inſtance, may not be ſo in- 
variably; and that, therefore, two ſuch propo- 
fitions ſhould never be confounded together as if 
they were ſynonymous ; had this been ſufficiently 
WEL P attended 
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attended to, motion would never have been confi. 
dered as the origin of fire. 
I The difficulty that has ſo long attended the 
acknowledging the reality and elementary exiſt. 
ence of fire, has alſo ariſen from the implicit cre- 
dit we are apt to give to the opinions of very great 
men. A man of ſuperior genius, who has diſtin. 
| ner himſelf by new diſcoveries, more exten. 
1ive reaſoning, or more accurately inveſtigating 
truth, naturally gains an aſcendancy over the 
minds of 'others, which ſpreads a ſanction on 
his miſtakes: it becomes a kind of ſacrilege to 
examine even his conjectures; and time only, 
which leſſens all other reverence, . muſt wear of 
that which we have*-conceived for him, before 
mankind can acquieſce in his being fallible: no. 
_ thing has been ſo eminently detrimenkal to the 
_ progreſs of ſcience; as a blind and ſervile defer. 

'ence to the authority of great names. 
As new terms have within theſe few years 
been adopted by the writers who have treated on 
fire, it will be neceſſary, before we proceed, togive 
you ſome account of them. By the word fre in 
theſe Lectures, I mean that very ſubtil fluid which 
is the cauſe of heat, and by whieh bodies are ei- 
panded, fluids raiſed into vapour, ſolid bodies 
rendered fluid, &c. Modern French . writers, for 
the ſame "purpoſe, uſe the terms igneous fluid, 
"matter of beat, and lately caloric. Some - Engliſh 
writers have uſed the word heat in the ſame ſenſe; 
thus confounding the cauſe with the effect. Heat, 
properly ſpeaking, is that ſenſation which i 
preſence of fire occaſions in an animate body: the 
Nate of an inanimate body, when it contain 
fire, is alſo diſtinguiſhed by. this word; for we ſay, 
the heat of red-hot iron. We ought always b 
the word beat to underſtand the e. of mA 
| i 
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fire acting in a certain manner, rather than the 


element itſelf which may exiſt in ſubſtances ac- 
tually cold to the ſenſes. + 2 


Dr. Irvine and Dr. Crawford uſe the term 
abſolute heat for that power or element which, when 


it is preſent to a certain degree, excites in all 
animals the ſenſation of heat : in this ſenſe ab/olute 
beat, and the element of fire, have the ſame ſigni- 
fication. Fire, as having a relation to the effects 


it produces, and by which it is known and mea- 


ſured, is called by Dr. Crawford relative heat. 


| GENERAL Ipras or Fire. | 75 
I ! be great Boerhaave maintained that fire was 
a fluid univerſally diffuſed, and equally preſent in 
the frozen regions as in a glaſs-houſe furnace; only 
in the latter 1t is put in action, and rendered more 
evident to our ſenfes ; if brought into action it's 
exiſtence would be as demonſtrable in the coldeft 
part of the world as in the furnace; all bodies 
contain it: it is in the earth we inhabit and the food 
which nouriſhes us; we ourſelves are filled with 
it, Although it is capable of deſtroying and con- 
ſuming all . Beth yet as it is incapable of com- 
buſtion without another ſubſtance, it is ſo far from 
being prejudicial to us, that it forms an eſſential 
part of our animal life: it conſtitutes a portion of 
the fluid we breathe, the only part which centri- 
butes to ſupport animal heat. 5 

The Kr greater part of modern philoſophers 
coincide in this reſpect with Boerhaave : to enu- 


merate their names would be to fill pages; ſuffice. 


it therefore to name a few: Jones, Lavoiſier, 
Black, Crawford, De Luc, Pictet, De Sauſſure. 
Hear Mr. Lavoiſier ſpeak for himſelf: *I conſider 
our earth,” ſays he, © as every where ſurrounded 
by a very ſubtil fluid, which penetrates without 
exception all the bodies which compoſe it.“ This 
Er Cy ln Oe ny fluid 
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fluid he calls caloric, we call it fire: it tends al- 
Ways to put itſelf in equilibrium in all bodies; 
but it does not penetrate all with equal facility. 
Laſtly, this fluid is ſometimes in a ſtate of liberty, 
| ometimes in a fixed form, and combined with 


I This opinion on the exiſtence of fire is far 
from being new; it is that of the greateſt number 
of ancient philoſophers: © I ſhall, therefore,” 
ſays he, „ diſpenſe with relating the facts on 
which it is founded; but if I ſhew that it always 
accords with the phenomena; and that it-explains 
every thing that happens in philoſophical and 
Chemical experiments, it will be almoſt giving 
demonſtration to opinion, Indeed this opinion 
Teems too conformable to the courſe of facts, and 
the ſimplicity of nature, to be conſidered only as 
an hypotheſis.” ee 
d Oe Fins.  _. | 
Fire penetrates all bodies, even the hardeſt, 
being equalled therein only by the magnetic fluid; 
every thing around and about you confirms this 
truth; it may be eaſily alſo illuſtrated by experi- 
ment: cover this thermometer (which I have al- 
ready told you 1s an inſtrument to meaſure the de- 
rees of heat) with glaſs; apply any heated ſub- 
ance to the outſide of the glaſs, and it will raiſe 
the fluid in the thermometer : the ſame will take 
place if it be incloſed by a metallic caſe, or a caſe 
of any materials whatſoever: this could not 
happen unleſs fire penetrated through the ma- 
terials. - 28 . | 5 | 
A thermometer ſuſpended in an exhauſted fe- 
ceiver will ſhew the ſame degree as one in the 
open air; for the fire which 1s diffuſed through, 
the atmoſphere, is alfo diffuſed through what we 
Fall a vacuum, Sir Iſaac Newton had, indeed, 


long 
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long ago ſhewn that heat was conveyed by a me- 
fol more ſubtil than common air: hecauſe twp 
thermometers, one placed in the vacuum of an 
air-pump, and the other in the o = air, but at 
an equal diſtance from the fire, wil new an equal 
degree of heat nearly at the ſame time. Had 

purſued this thought, he would have, no 1 
concluded that fire is prefent in all places, and 
that it is as active where there is no terreſtrial 
matter as where it abounded. 


Tepe or FIRE ro A ra Meas 5 


One of the moſt conſtant characters of 2 1 18 
a continual- tendency to equilibrium, or to: flow 


from a warmer, to'a colder body; 'to' ye from 


thofe parts where it is leaſt reſi Neg. till che oo 
ance becomes uniform ; communicating the ſux 
abundant fire to all ſurfoundin bodies, till 55 
attain the fame temperature. 11 

fire ſeems 175 be reſtrained only by itſelf 

ſerve the fluctuation of fire from one body bs o 
other, till tiey all acquire the ſame temperature, 
place in a room where the ſun does not ſhine a 
variety of ſubſtances; as wood, feathers, i iron, &c. 
of different temperatures: let a thermometer be 
applied cloſe to each of them, and the fire in the 
hotteſt will diffuſe itſelf among 'thoſe' that are 
heated to a leſs degree ; and it's fluctuation from 


one to another WI ul be _ evident 5 the thermo- 
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Or THe DisTRIBUTION Of FIRE, AND OF'THE Sus. 
© ©» STANCES WHICH conpver Heat, 
It does not appear that different degrees of 
fire can penetrate all bodies with equal forces in 
equal times; or, in other words, the power of 
tranſmitting heat is different in different bodies; 
ſome conducting it more readily than others: thus, 
if you hold one end of this metallic rod in your 
hand, and put the other in the fire, it will ſoon 
becomertoo hot to hold, though it is three feet 
long; but one end of this glaſs rod, which is con- 
ſiderably ſhorter, may be held without any incon- 


venience, while the other end is red-hot and melt- 


ing. Again, here are ſeveral metallic rods, each of 
which is covered with a thin coat of wax: I plunge 
.the ends of theſe into melted lead, and you per- 
ceive that the coat of wax melts ſooner on ſome 
than on others; which proves that ſome metals 
. tranſmit fire more readily than others: in more 
general terms, hoſe bodies, whoſe temperatures art 
ſooneſt altered, are faid to be the beſt conduttors of 
We. .: 1 | h pron to 
= Ihe difference in the ſpaces of time in which 
fire penetrates different bodies, and finally ac- 
-quiring the ſame temperature, may depend on their 
peculiar powers or faculty of 2 fire; this 
faculty has been called their capacity. The greater 
this power is in any body, the greater the quantity 
of fire that will be accumulated therein before the 
equilibrium reſulting from that accumulation takes 
plage; or, in other words, before it can exert the 
ſame expanſive force outwards; conſequently when 
this equilibrium is attained, though there may be 
an equal expanſive force exerted, and therefore al 
equal degree of heat indicated by the thermome- 
ter, it does not foilow that there is an equal accu- 
« (ulation of fire in the ſeveral bodies. 


To 
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Io illuſtrate this principle, let us plunge into 
a baſon of water at the ſame inſtant a pound of 
dried ſpunge, a pbund of blotting- paper, and a 
pound of ſome porous wood: at: the expiration 
of a certain time theſe ſubſtances will be equally. 
wet, and will have imbibed all the water they are 
capable of retaining. The blotting- paper, as be- 
ing the moſt permeable by the water, will be the 


firſt penetrated thereby; it will not penetrate the 


ſpunge ſo ſoon: Iſt, Becauſe it is not ſo permeable. 
by water as the blotting- paper: 2dly, Becauſe it 
| has a greater capacity of imbibing water, and will 


conſequently require more time to be ſaturated 


than the paper: laſtly, The wood will require a 
longer time to be fully moiſtened, although it has 
leſs capacity, being leſs permeable to water than 


the other two ſubſtan ce... 
When you take them out of the water, they 
will be apparently wetted in the ſame degree, as 
well externally as internally; but they will contain 
very unequal quantities of water. The circum- 
ſtances are nearly the ſame with reſpect to ſub- 
ſtances of equal maſſes, and different natures 

plunged in an atmoſphere of fire. eee. 
If we could apply an hygrometer to thoſe 
ſubſtances the moment they were taken out of the 


water, it would indicate nothing more than that 


they were equally humid ;. but would leave us ig- 


norant of the quantities of water they contained. 


In like manner the thermometer .applied to dif- 
ferent ſubſtances heated to the ſame degree, will 


only ſhew that the fire has an equal expanſive force 
in each of them, but would give us no information 


as to the abſolute or relative quantities of fire 
which produce this expanſion. , 8 
- - You will find heat greatly retarded by cork, 
and ftill more by feathers and wool, and other ſoft 


ſpungy A 08 re becauſe there is leſs 


&* contact 


—— 
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contact of parts. Flannel, and feather- beds . 
confidered as warm, but they have no heat; for 
they keep bodies (as ice; &c.) cool better than 
other ſubſtances : they hinder heat from evaporat- 
ing, as their interſtices are filled with air; being 
flow either in tranſmitting or parting with fire; 
they are proper for preſerving and retaining the 
heat of our bodies, and thus keeping us warm. 
Snow being of a ſoft ſpungy texture, keeps the 
round warmer than the freezing point; but this 
is warm, compared with the intenſe cold felt in 
ſeveral climates, frequently 325 below froft. Now, 
the freezing point is as much warmer than this, as 


the weather in our ſummer is than that of froſt: 


it is common in Siberia to ſee the thermometer 
150 below the point of congelation. 
Fluids convey fire very faſt; air cools bodies 
very faſt: this may depend upon the expanſibility 
which air undergoes from fire, which vccaſions a 
_ continual change of it's particles: thus if you 
expoſe a hot body to the air to cool, the air in 
contact therewith expands and becomes lighter, 
and is conſequently driven upwards; and thus 
there is a conſtant acceſſion of freſn air to the 
body. If you place the body between the funſhine 
and the wall, you will ſee the air riſing like an un- 
dulating vapour upon the wall: you fee it, be- 


cauſe the vapour turns thoſe rays of light aſide 


which pa through it ; and conſequently the wall 
is leſs illuminated in thoſe parts than the reſt; 
and you therefore perceive the ſnadow for the ſame 
reaſon that you ſee the ſhadow of ſmoke. This 
cauſes obiectts, when viewed through the rari fied 
air of a Leated field, to ſeem to change place, and 
tremble when the ſun ſhines upon it. | 
It is owing to this evaporation upwards that 
iron or any och ſubſtance will heat a body held 
Dyer it ſooner than under it; but if a piece of iron 
N e . is 
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is placed under a receiver, the bottom is hotteſt, 
as being neareſt in contact: hence the cold ob- 
ſerved at ſea upon approaching mountains of ice: 
the cold air being condenſed falls down the ſides 
of the ice, and floats along the ſurface of the fea. 
When a veſſel of water is placed over a fire, the 
lower parts of the water are expanded and ren- 
dered lighter thereby, and of courſe are driven to 
the top by the weightier and colder parts which 
deſcend to the bottom, and thus there is a conti- 
nual circulation from the under to the upper part 
of the veſſel. | Af 5 2 
From the nature of fluids deep lakes of wa- 
ter ſeldom freeze in winter. The cold air, by 
ruſhing. over the ſurface, will render the top 
weightier, which will ſink, and it's place be ſup- 
plied with a warmer portion from, below, which 
in it's turn will alſo be cooled: and the air has 
the whole heat of the water to carry away, which 
is often not done during a whole winter. Hence 
the remarkable temperature upon the ocean, 
and upon iſlands, when compared with continents 
in the ſame degree of latitu lee. 
From Sir Benjamin Thompſon's experiments 
it appears, that of the different ſubſtances uſed in 
clothing, hare's-fur and eider- down are the warm- 
eſt: after theſe come beaver's- fur, raw fil k, ſheep's- 
wool, cotton-wool; and laſtly, lint, or the 1c 
ings of fine linen. He alſo found that the air 
which occupies the interſtices of bodies, made uſe 
of for covering, acts a very important part in the 
operation of confining heat, which is ſtill further 
aſſiſted by the fineneſs and equal diſtribution of the 
ſubſtances made uſe of to form a covering for that 
purpoſe. bh ety. 3: 4 3 
In furs the air interpoſed among it's particles 
is ſo engaged there as not to be driven away by the 
heat communicated hereto hy the animal body: 
| | | TE, 4 not 
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not being eaſily di/placed, it becomes a er to 


defend the animal body from the external cold. 
Hence it appears why thoſe ſkins are warmeſt 
which have the fineſt, longeſt, and thickeſt furs; 
and how the furs of the beaver, otter, and other 
like quadrupeds which live much in water, and the 
feathers of water-fowls, are capable of confining 
the heat of thoſe animals in winter, notwithſtand- 
ing the coldneſs and conducting power of the water 
in which they ſwim. "4 

Bears, hares, and other animals, inhabitants 
of cold climates, which do not often take water, 
have their fur-much thicker upon their backs than 
their bellies. As the heated air would more na- 
- rurally riſe upwards, and eſcape from the back, 


Providence wiſely guarded againſt this evil by in- 


creaſing the obſtructions in thoſe parts, and thereby 
confining it to the body of the animal. 

The ſnows which cover the ſurface of the 
earth in winter in high latitudes, are doubtleſs de- 
ſigned by an ALL-PROVIDENT CREATOR as a gar- 
ment to defend it againſt the piercing winds from 
the polar regions, which proven during the cold 
feaſon. 

| Theſe winds, notwithſtanding the vaſt trads 
'of continent they paſs over, retain their ſharpneſs 
as long as the ground they go over is covered with 
ſnow; and it is not till they meet with the ocean 
that they acquire that heat which the ſnow pre- 
vents their obtaining from the earth, to take off 
the edge of their coldneſs. - 
There 1s no property of fire more . generally 
3 or better underſtood, than it's diſpoſition 

o pafs from one body to another. If, as I have 
; ea to you, a thouſand different inanimate 
bodies be brought together in a place where there 
4s no poſitive cauſe of heat, the heat will immedi- 


ately begin to flow en the. hotter to the colder 
0 bodies, 
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bodies, till all become of one temperature, or till 


there is what ſome philoſophers call an equilibrium 
of heat. Fas | N | 

But this is by no means the caſe with reſpeF to 
animated matter; for, whatever be the degree of 
heat peculiar to individual animals, they preſerve 
it ſtable and unchanged in every temperature, pro- 
vided that it be not altogether incompatible with 
life or health. Thus we find that the human body 
is not only capable of ſupporting, in certain cir- 
cumſtances, without any material changes, a degree 
of heat in which the thermometer riſes conſidera- 
bly above the degree of boiling water ;* but like- 
wiſe that it maintains it's uſual temperature, whilft 


the ſurrounding medium is ſeveral degrees below 


It is therefore evident that animals neither 
receive their heat from' the bodies around them, 


the point of Fongerarion, | 


nor ſuffer, from the influence of external circum- 


ſtances, any material alterations in that heat 'which 


1s peculiar to their nature. This general fact is 
further elucidated and evinced by many late, accu- 


rate, and well-authenticated obſervations ; which 
ſhew that the degree of heat, in the ſame genus or 
ſpecies of the more perfect animals, continues very 


- uniformly the ſame, whether they be environed 


by mountains of ſnow in the neighbourhood of 


the pole, or expoſed to a vertical ſun in the ſultry - 


regions of the torrid zone. 7 


The ſtability and uniformity of animal heat, 
under ſuch a diſparity of external circumſtances, 
and ſo vaſt a latitude in the temperature of the 
ambient air, leave no room to doubt that the living 
body is furniſhed with a peculiar mechaniſm, or 


power of generating, ſupporting, and regulating 
it's own temperature; and that this is ſo adapted 


to the circumſtances of it's cxconomy, or depen- 


dent 


* Phil, Tran, vol, Ixv. 


| 
| 


CEE 


1 — 
— 


220 Lectures ox NaTuRaL Phrrosorhr. 


dent upon them, that whatever be the heat of the 
atmoſphere, i it will have very little influence either 
in diminiſhing or increaſing that of the animal. 


Or THE DILATATION OF Bovirs BY "mY 


© Fire never ceaſes to be fluid, unleſs when ina 
| fate of combination with other bodies; it is alſo 
a principal cauſe of the fluid ſtate of other bodies, 
g Fire, when agitated with that motion which is 
manifeſted by heat, always acts as if it wanted more 
room ; and this in ſuch a wonderful manner, as if 
every article was a radiant point or center. 


he particles of a ſolid body, when heated ta | 


a certain degree, recede from each other: allow 
| Jt to cool, the particles will approach, each in the 


fame proportion in which they receded; and the 


body will return to it's former ſtate by the ſame 
degrees of expanſion, by which in the firſt inſtance 
it was extended. 

This expanſion of bodies by fire may be 
deemed univerſal; there ſeems ſcarce any excep- 
tion, but in thoſe bodies whoſe parts are brought 
nearer together, becauſe a fluid contained within 
them is driven out. 

The firſt change that happens to any body 


8 when expoſed to the action of fire, is the rari- 


action of it's whole maſs, and an augmentation of 
it's bulk. 

Hheſoreè 1 proceed, it will be neceſſary to notice 
A2 diſtinction of fire into two ſtates, /iberated and 
combined, to be more fully conſidered hereafter. 
Liberated fire is that we are now concerned with; 
for by this ſtate is meant fire in action, producing 
the fenſaiion of heat in animal bodies, and dilating 
the dimenſions of all ſubſtances; hence it is alſo 
often called manifefted, or thermometric fire. 

©, The intenſity of heat is meaſured by the quan- 


. tity of free fire, or fire 3 in action; for though we 
| Cannot 
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cannot determine the quantity, we can eſtimare 
it's action on bodies by the degree of their dila- 
1 5 3 g 90 
This dilatation is the moſt general indication 
of the preſence of fire. To appreciate this phi- 
loſophers uſe inſtruments called thermometers; in 
which a ſubſtance is always employed, whoſe: vo- 
ume augments as Proportionably as poſſible to the 
increaſe of heat. The conſtruction of theſe in- 
ſtruments will be the fubjedt of future diſcuſſion ; 
it is ſufficient to inform you at preſent, that by the 
riſe of a fluid in a tube, we obtain a meaſure ſuf. 
ficiently exact, of the. increaſe, or diminution of 


active fire. Leaving theſe, I proceed to conſider 


the expanſion of metals. 5 5 
etallic ſubſtances, with whoſe hardneſs and 


* * * - 


time of a ſingle vibration, will make a — 
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of nearly one whole vibration in twenty-four 
Different metals lengthen differently with 
the ſame degree of heat : thoſe inſtruments, there. 
fore, whoſe parts are to maintain a conſtant, pro- 
portion, ſhould never be framed of different me. 
tals. It is from this unequal expanſion, that a 
harpſichord is deranged by a change in tempe. 
rature. TONS 55 
Io diſcover the minuteſt changes in expan- 
ſion, and the relative proportions thereof, an in- 
ſtrument has been conſtructed called a pyrometer, 


Or PyROMETERS. 


Among the various machines that have been 
invented. for this purpoſe, that contrived by Mr. 
Smeaton appears to be the moſt perfect : it's ac- 
curacy is confirmed by obſervations made with 
other inſtruments ; it is founded on the following 
Principles : 

1. The quantity of expanſion being in pro- 
rtion to the length of the bar, the longer the 
the more ſenſible the expanſion, . *\. 

2. The ſcale on wh the alterations are 
meaſured, ought to be ſo large, as that the ſmalleſt 

alteration may be viſible. f Os 

The materials of which the .meaſuring 
parts of the inſtrument are made, ſhould ſuffer 
no expanſion during the experiment, or the degree 
of expanſion produced in them ſhould be known 
and accounted for; becauſe the expanſion of the 
inſtrument, ſuppoſing the bar to be meaſured does 
not expand, will produce the ſame appearance as 
the expanſion of the bar, ſuppoſing the inſtrument 
not to expand. 

4. All bodies continuing to expand, in pro- 
| portion as the heat applied to them is increaſed, i 

| | 33 1 
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is neceſſary to aſcertain the degree of heat applied, 
in order to determine the Comparative expanſion: 
of different metals. And, N 

5. The meaſuring parts of the inſtrument ought 5 
to be ſo large, as that the quantities of the meaſured 
expanſion may be known in real meaſure. 

The inſtrument (fig. 1 and 2, pl. 5,) is ſo con- 
ſtructed as to receive bar two feet four inches long, 
and might be made capable of receiving bars of a 
much greater length of ſome kinds of materials, 
but not of others, on account of their flexibility: 
even with a deere of heat not exceeding e 
water. f 
The went are dene d by the contact 
4 a piece of metal with the point of a microme- 
ter- ſcrew. The obſervation is beſt judged of by the 
bearing, rather than that of the ſight or feelings 
by this method it has been found practicable to re- 


. peat the ſame meaſurement ſeveral times, without 


differing from itſelf above 545th part of an 
inch The degree of ſenſibility attained by this 
method is ſuperior to any thing that can be done 
by ſight or feeling. 

As no ſubſtance has hitherto Yoon diſcovered 
that is perfectly free from expanſion by heat, the 
bar which makes the baſis of the inſtrument ſuffers 


the ſame degree of heat as the bar to be meaſured; 


conſequently the meaſures taken by the microme- 
ter are the differences of their expanſion. 
The expanſion then of the baſis between two 


given degrees of heat. being once found, the abſo- 
Jute expanſion of any other body, by adding or 
ſubtracting the difference to or from the expanſion 


of the baſis, according as the body to be meaſured 
expands more or leſs than the baſis, will be de- 


termined. 


When the ir is TON uſe of it is im- 


. merged, together with the bar to be meaſured, in a 


ciſtern 
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Expanſion of the baſis between any two given de. 


Other bars intended to be meaſured ; but that the 


may, upon occafion, be above the cover, while the 


alſo be a defence againſt the moiſture, Let the 


temperature by fire, or other cauſes; let the bar be 
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ciſtern of water; which water, by means of lamps 
underneath, is made to receive an intended degree 
of heat, not exceeding that of boiling ; and thereby 
communicates the ſame degree of heat to the in- 
ſtrument, to the bar, and to a mercurial thermo. 
meter immerged therein, for the purpoſe of aſcer- 
taining the degree. © 


All that remained wil to find the ant 


grees of heat, not greater than that of boiling 
water, which is thus effected. N 26 

For this purpoſe, let there be prepared a bar 
of ſtrait-grained white deal or cedar; which it is 
well known are much leſs expanſible by heat than 
any metal ' hitherto difcovered : let the bar be 
adapted to the inſtrument, in like manner as the 


foftnefs of the wood may not hinder the juſtneſs 
of it's bearings, let it's ends be guarded with a bit 
of braſs let into the wood at the points of con- 
tact, to prevent, as much as may be, the moiſture 
or ſteam of the water from. affecting the wood: 
let it firſt be well varniſhed; and then, being 
wrapped round with coarſe flax from end to end, 
this will in a great meaſure imbibe the vapour be- 
fore it arrives at the wood: let the ciſtern alſo be 
fo contrived, that the inſtrument being ſupported 
at a proper height therein, the bar to be meaſured 


baſis remains in the water; thus will the cover 


water in the ciſtern be now brought to it's lower 
degree?! of heat, (ſuppoſe at or near the freezing 
point,) the baſis having continued long enough in 
the water to receive the ſame degree of heat; and 
the wooden bar having been previouſly kept in an 
adjacent room, not ſubject to ſudden alterations of 


applied 
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applied to the inſtrument, and the degrees of the 
micrometer and the thermometer read off and ſet 


down : let the wooden bar be then reſtored to it's 
former place, till the water 1s heated to the greater 


degree intended (ſuppoſe at or near that of boiling 


water;) the lid being now ſhut down, and the 
chinks ſtopped with coarſe flax, to prevent the 
ifuing of the ſteam as much as poſſible, let the 
wooden bar be again brought forth, applied to the 
inſtrument; and the degrees of the micrometer and 
thermometer read off as before: the difference of 
degrees of the micrometer correſponding to the 
difference of degrees of the thermometer, will ex- 
preſs the expanſion of the baſis between thoſe de- 
grees of heat; that is, upon the ſuppoſition that 
the wooden bar was of the ſame length at the time 
of taking the ſecond meaſure, as at the firſt :- in- 
deed, a meaſute can hardly be taken without any 
loſs of time, as the whole of the inſtrument, when 
the hot meaſure is to be taken, is conſiderably 
- hotter than the wooden bar; and, in caſe of boil- 
ing water, the ſteam being very repellent and ac- 
tive, the bar is liable to be ſenſibly affected in it's 
length, before the meaſure can be taken both by 
heat and moiſture, which both tend to expand the 
bar; but as the quantity is ſmall, and capable of 
being nearly aſcertained, a wooden bar thus ap- 
plied, will anſwer the ſame end as if it was unal- 
terable by heat or moiſture. 1 75 5 
In order, therefore, to know the quantity of 

this alteration, let the time elapſed between the 
firſt approach of the bar to the inſtrument, and 
the taking of the meaſure, be obſerved by a 
ſecond-watch, or otherwiſe; after another equal 
interval of time, let a ſecond meaſure be taken; 
and after a third interval, a third and a fourth: 
ine three differences of theſe four meaſures, will 
be found nearly to tally with three terms of a geo- 
I. 2 „ mmettical 
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metrical progreſſion, from which the preceding 
term may be known, and will be the correction, 


which, if applied ro the meaſure firſt taken, re. 


duces it to what it would have been, if the 
wooden bar had not expanded during the taking 


thereof. | 


From a few obſervations of this kind, care. 


fully repeated, the expanſion of the baſis may be 


ſettled ; and this once done, the making experi- 
ments upon other bars will become very eaſy and 
compendious. | 

The bar of braſs which compoſes the baſis is 
an inch broad by half an inch thick, and ſtands 
edgewiſe upwards : one end is continued of the 
ſame piece at right angles, to the height of three 
inches and an half, and makes a firm ſupport for 
the end of the bar to be experimented; and the 
other end acts upon the middle of a lever of thc 
ſecond kind, whoſe fulcrum is in the baſis ; there- 
fore, the motion of the extremity of the lever is 
double the difference between the expanſion of the 
bar and the baſis. This upper part of the lever 
riſes above the lid of the ciſtern, ſo that it and the 
micrometer-{crew are at all times clear of the 
water: the top of the lever is furniſhed with an 


appendage called the feeler ; it is the extremity of 
this piece which comes in contact with the micro- 
 meter-ſcrew. The conſtruction and application 


hereof will better appear from the draught than 
from many words : it hence appears that, having 
the length of the lever from it's fulcrum to the 


point of ſuſpenſion of the feeler, the diſtance be- 


tween the fulcrum and the point of contact witi 
the bar, the inches and parts that correſpond to a 
certain number of threads of the micrometer, and 
the number of diviſions in the circumference 01 
the index-plate, the fraction of an inch expreſſed 
by one diviſion of the plate may be deduced; thoſe 
meaſures are as follow ; From 
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7 jj DOT Los Jos 
From the fulcrum of the lever to the feeler 5.875 
From the fulcrum to the plate of contact 2.895 
Length of 70 threads of the ſcrew — 2:455 
Diviſions in the circumference of the -index-. 
plate es 100 
Hence the value of one diviſion will be the 
2 part of an inch; but if the ſcrew be altered, 
one-fourth of one of theſe diviſions; when the con- 


tat between the ſcrew and feeler is well adjuſted, 


the difference of contact will be very perceivable 
to the ſhghteſt obſerver; and conſequently th 
part of an inch is perceivable in this inſtrument: 
There is one thing ſtill remains to be ſpoke of, 
and that is, the verification of the micrometer- - 
ſcrew, which is the only part of this inſtrument 
that requires exactneſs in the execution; and how 
dificult theſe are to make perfectly good, is well 
known to every perſon of experience in theſe mat- 
ters; that is, that the threads of the ſcrew may 
not only be equidiſtant in different places, but 
that the threads ſhall be equally inclined to the axis 
in every part of the circumference. TILL 
As nearly the ſame part of the ſcrew is made 
uſe of in theſe experiments, the latter circumſtance 
is what principally needs inquiry: for this pur- 
poſe, let a thin flip of ſteel or other metal be pre- 
pared, whoſe thickneſs is about one-eighth of the 
diſtance of the threads: let the edges of this thin 
plate be cut into ſuch a ſhape as exactly to fit into 
the fixed notch, in which one end of the bar is laid: 
let a ſcrew paſs through the ſtandard of braſs on 
which that notch is ſupported; in ſuch a manner; 
that the end of the bar to be meaſured; that is 
fartheſt from the lever, may take it's bearing 
iainſt the point (or rather the ſmall hemiſphe- 
ncal end) of this ſcrew : let one of the braſs bars 
uſed in the other experiments be applied to the. 
I 2 inſtrument, 
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inſtrument, and a meaſure taken; then let the thin 
plate be put in between the end of the bar, and 
the point of the ſcrew laſt- mentioned, and again 
take the meaſure ; but firſt obſerve that the plate i; 
put down to the notch, ſo that the fame place of 
the plate may always agree with the point of the 
Tcrew; and conſequently no error may ariſe from 
a different thickneſs in different places of the 
plate: obſerve alſo, that the whole comes to a true 
bearing; then advance the tame ſcrew till the mi- 
'Crometer-ſcrew is puſhed backward one-fourth of 
a revolution; again repeat the meaſure with and 


without the thin plate; again advance the former. ! 
ſcrew, ſo as to make that of the micrometer recede 
another quarter of a turn, and repeat the meaſure \ 
with and without the thin plate. This method 
being purſued as far as neceſſary, it is evident, that a 
the thickneſs of the plate being always the ſame, y 
if the difference of meaſures * with and with- t 
out it, are not always the fame in the different 
parts of a revolution of the micrometer- ſcre w, that b 
this ſcrew is not equiangular; but from the dif- 
ferences of the meaſures correſponding to the fc 
thickneſs of the ſame plates in the different parts 5 
of a revolution, the errors thereof may be nearly ſu 
aſſigned. For greater certainty in this examina- Pe 
tion, leſt the heat of the obſerver's body ſhould at- ar 
fect the bar or inſtrument during the obſervation, w. 
let the whole be immerged in the ciſtern of water, | 
which-ought to ſtand a ſufficient time before the a | 
obſervation is begun, to acquire the ſame tempc- th 
rature as the air, which alſo ought to be in 2 —aff 
fettled ſtate. | 36 | 
9118 ni 
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| forward, when the bar 1s taken out. 
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Deſcription of Mr. _ Sura D * 
Pyrometer. | N 


prarx g. fig. I. AB Cb is the main bar or 


baſis of the inſtrument. 
EF is the bar to be meaſured, wink] in two 
notches; one fixed to the upright ſtandard AB; 


the other to the principal lever HI. The end E 


of the bar EF bears againſt the point of 


G, a ſcrew, of aſe in cxamiming the micro- 


We 
The other end of tha bar F bears againſt a 


ſmall ſpherically protuberant bit of hard metal, 
fixed at 355 ſame height as G, in the Principal le- 
ver HI. 


K is an arbor fixed in the baſis which receives 


at each end the points of the ſcrews H, L, upon 
which the lever HL W and ſerves as a fulcrum 
thereto. 'S 


O is a ſlender ſpring to keep the lever in a 


bearing ſtate againſt the bar; and 

P is a check, to prevent the lever from falling 
* 
Nis the ſeeler, ſomething in the ſhape of a T. 
ſuſpended, and moveable up and down upon the 
points of the ſcrews I, M, which, as welbbas L, H, 


are ſo well adjuſted as to leave the motion free, but 


without ſhaki 1 - 

R is the handle of the fecler, moveable upon. 
a looſe | Joint at R; ſo thar laying hold of the knob, 
the feeler is moved up and down, without being 


| affected by the irregular preſſure of the hand. 


The extremity, S, of the feeler, is alſo fur 
mſhed with a bit of protuberant hard metal, to 


render it's contact with the point of the microme-- 


ter- ſcrev the more perfect. | 
Q 3 I 30 
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'T is the micrometer-ſcrew. 
Vis the divided index-plate; and 
W is a knob for the handle. 


The micrometer-ſcrew paſſes through to 


. ſolid ſcrewed holes at D and V. 


The piece YZ is made a little ſpringy, and 
endeavours to pull the ſcrew backwards from the 
hole at D; and of conſequence keeps the micro- 


meter- ſcrew conſtantly bearing againſt it's threads 


the ſame way, and thereby renders the motion 
thereof perfectly ſteady and gentle. 
Kis the index, having diviſions upon it, an- 
ſwering to the turns of the ſcrew. This piece 
points out the diviſions of the plate, as the face of 
the plate points out the diviſions upon the index. 
When the inſtrument is uſed, lay hold of the 
knob of the feeler with one hand, and, moving the 
feeler up and down, with the other move forward 
the ſcrew T, till it's point come in contact with the 
feeler; then with the plate and index, Vand X, 
ſhew the turns and parts. 
© Fig. II. repreſents the inſtrument immerged 
in a ciſtern of water, ready for uſe. 
A is the ciſtern, C the cover, which, when 


the inſtrument is raiſed upon blocks, goes on be- 


tween the bar EF, and the baſis BC, fig. I. 
| D is a handle to take off the cover when 
hot. 
„„ mercurial thermometer, whoſe ball i is in 
the water. 
F a cock to let out the water. 


GH is a hollow piece of tin, which ſupports: 


ſeven ſpirit lamps, which are raiſed higher; dr et 


down lower, by the ſcrews I and K, in order to give 


the water a proper dere of hear, ſhewn by he 
thermometer E. . 


— 
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A TaBLE of the ExpANSION of METALS. 
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Shetoing how much a foot in length of each grows 


longer by an increaſe of heat correſponding to 
180 degrees of Fahrenheit's thermometer, or t0 


_ the diffexence between freezing and boiling water, 


to the 10,0007h part of an inch, 


I. White glaſs barometer tube = 

2. Martial regulus of antimony — 

3. Bliſtord ſteel — - 

4. Hard ſteel = — — 
CO = — — 

b. Biſmuth — - - 

7. Copper hammered 3 — 

8. Copper, 8 parts mixed with one of tin 
9. Caſt braſs „ — 

10. Braſs, x6 parts, with tin 1 — 

71. Bras wire = — 8 
12, Speculum metal — — 

13. ee ſolder, vz. lead 2 parts, Zinc 1 
14. Fine pewter PF 

15. Grain tin — 755 A 
16. Soft ſolder, viz. lead 2 parts, tin 1 

17. Linc 8 parts, with tin 1, a little hammered 
18, Lead 5 — — 

19. Zinc, or ſpelter 3 


20. Zinc, hammered half an inch per foot 


 MerTaLs, &c, 


expreſſed in ſuch parts whereof the unit is equal 


100 
130 | 
138 
147 


151 


167 
204 
218 
225 
229 
232 
TIA 


247 


274 
298 
301 
323 
344 
353 


373 


Or TRE PowER EXERTED BY FIRE IN EXPANDING: 


If you conſider for a moment the vaſt weight 
which may be ſuſpended from a bar of braſs or 
iron, in a vertical poſition, without ſeparating 
the parts of the metal; that is, without overcom- 
Ing the force with which they adhere together; 
jou may form ſome idea of the great force of fire, 


24 . 
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which can fo far relax the texture of iron and brafs, 
that their parts will Fall aſunder with the force of 

ravity alone. To render this force evident, the 
Rev. Mr. Jones contrived this inſtrument (fig. 3. 
Pl. 5,) which is a compound ſteel-yard ; where, by 
means of a ſlender rod of deal, the ſpace deſcribed 
by the third lever is. augmented, and made more 
perceptible :: the motion of the ſhort arm is to the 
motion of, or ſpace deſcribed. by, the long arm, as 
1 to 100; ſo that five pounds at the end of the long 
arm will compreſs the bar at the end of the ſhort 
one, with a force equal to a weight of 500ʃ b. 1 
ſhall put on a weight of 5/5. at the end of the 
long arm, and apply the flame of this farthing 


Candle to the bar acting on the end of the ſhorter 


Fd 


arm: you ſee plainly, by the motion. of the index, 
that the expanding power of fire in this ſmall 
compaſs is equal to 5001. and there is no doubt 


but that the flame of this candle would overcome | 


a weight of 00016. with the ſame eaſe, if the parts 
of the inſtrument would bear the ſtreſs neceſſary 
for ſuch a trial. | EEE 
Fluids are expanded by fire as well as ſolids; 
thoſe employed in thermometers furniſh us with a 


ſufficient proof of this, as heat can only raiſe the 
fluid contained, by expanding and dilating the vo- 


lume thereof. I ſhall explain the nature of ther- 


mometers in our next Lecture. Fluids expand 


more or lefs, ſooner or later, according to their 
Nature. 4 „ 

To give you an ocular demonſtration of this 
expanſive power, take this glaſs globe, with a long 
glaſs neck annexed to it; fill it with water up to 
the firſt mark on the neck; then immerge it into 


a veſſel of hot water: you ſee the water mounts up 


into the neck, and will continue riſing as the heat 
of the water increaſes; or if you take it out of 


the water, and apply it nearer and nearer to the 


; fixe, 
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| fire, you will find it dilate more and more, in pro- 


portion as you approach; but upon removing it 
from the fire the water ſinks again: a clear proof 
that fire dilates it ſo as to make it occupy more 
ſpace when hot than when cold. 5 * 
It appears that fluids of the leaſt denſity ex- 

nd moſt with the ſame degree of heat: thus in- 
flammable air dilates more with the ſame heat than 
common air, common air more than ſpirits of 
wine, ſpirit of wine more than linſeed-oil, lin- 
ſeed-oil more than water, and water more than 
mercury. But if you conſider the time neceſſary 


for each fluid to acquire the greateſt degree of ra- 


rifaction it is ſuſceptible of, there is no known law 
to guide us. Mercury, though much more denſe 
than water, requires leſs time; while water em- 
ploys more time than ſpirit of wine, which is leſs 
denſe ; yet water, which is more denſe than lin- 
ſeed-oil, requires leſs time to attain it's greateſt 


degree of rarifaction. Theſe variations depend on 
cauſes which have not yet been unfolded. Meſſrs. 


Bucquet and Lavoiſier have made a long courſe of 
experiments on the dilatation of fluids by heat, and 
it's progreſs, without diſcovering the cauſes: of 
the ſingular diverſity they obſerved; and have, 
therefore, contented themſelves with deſcribing 
the facts, without drawing any inferences, 


„ 
It will be worth while in this place to con- 


ſider the opinions of a modern philoſopher on co- 
heſion; they are founded on an experimental in- 


veſtigation of the ſubject; and open a field, that, 


if properly purſued, will throw great light on 
every phenomenon of nature; they are indeed in 
direct oppoſition to a feigned attraction of cohe- 
ſſon. The experiments that have been uſually 
adduced in ſupport of this attraction, muſt 2 


| 
| 


| 


 Jofophy. That there are powers by which cohe- 


is not a principle ſufficiently generalized, to be 


| you alſo know that the deſign of the CREATOR was 


one and the other. 
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be given up, as having no concern with the prin. 
ciple in queſtion; but belonging to the claſs of 
hydroftatical phenomena, not to that of immate- 
rial qualities exerted by the particles of bodicz 
themſelves.* : i 

It is difficult to ſay how the attraction of co- 
heſion came to be aſſumed as a principle by thoſe 
who contended for experiment, as the baſis of phi- 


ſion is produced, no one will deny; but coheſion 


admitted into philoſophy; as a cauſe of which we 
may calculate the effects: nor is it underſtood in 
that perfect manner which a principle requires. 

SGeneral obſervation and matter of fact may 
always be oppoſed to a thouſand little critical ex- 
periments. Lou obſerve that nature is provided 
with the element of fire; a material agent, of ſuf- 
ficient force and ſubtilty to overcome and undo 
the ſtrongeſt effects aſcribed to coheſion: and as 


to build rather than to deſtroy, more to promote 
an orderly diſpoſition of bodies, than to cauſe their 
diſſolution, you will be led to ſuppoſe that the 
ſame agent acting with ſome difference of condi- 
tion and circumſtances, is able to affect both the 
The air, for inſtance, when ſtirred into a 
tempeſt, will tear an oak up by the roots; but 
does not the ſame air aſſiſt the oak and all other 
trees in their growth? Does it not nouriſh and 
preſerve many more than it deſtroys? Fire hath, 
in like manner, it's different offices: that it is the 
reat catholic diſſolvent of nature, few will deny; 
and that it can-unite as well as ſeparate, ought not 


. - 
1514 


to be doubted, 
A Les 


* Jones's Phyſiological Diſqufſitiqng, 
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Let us conſider it for a moment as a diſſol- 


vent: the particles of mercury, from their ſphe- 
ricity, ſeem endued with a ſtrong attraction; yet 


theſe will ceaſe to have any coheſion, and be ſepa- 
rated into vapour by a degree of heat but little 


exceeding that of boiling water. The agency of 


fire, in the fame manner, ſoon relaxes the coheſion 
of water; a greater OO diſſolves the union of 
it's particles, and raiſes them aloft in ſteam or 
vapour. All other ſubſtances, ſolid and fluid, are 
ſubject to a ſeparation of their parts by the en- 


trance of fire: the hardeſt metals, how cloſely ſo- 


ever. their parts may be connected, are eaſily diſ- 
ſolved; and rendered fluid by the heat of a furnace. 
If nature be provided, by it's Author, with an ele- 
ment of ſuch power and activity, as enables ĩt to 
overcome the ſtrongeſt coheſions, it cannot be deſ- 
titute of an agent powerful enough to cauſe them: 
if it can do the greater, it can certainly do the 
leſs, Fire acting let a certain degree, conſo- 
lidates water into ice; if it acts above that degree 
it keeps it fluid; if to a higher degree, a total ſe- 


paration of parts enſue, the effects being anſwera- 


ble in every inſtance to the activity and condition 
of a material agent. Two pieces of metal can 
never be joined ſo as to poſſeſs their peculiar me- 
tallic tenacity, but by the agency of fire. When 
you thus ſee the effects vary, as often as there is any 
change in the element of fire, you are compelled 
by all the rules of reaſon and phile/ophy, to under- 
ſtand this element as the immediate cauſe of thoſe 
effects, and muſt receive it as ſuch, till it is de- 


y i * Y 5 5 


monſtrated to be inadequate. 


The coheſion of bodies by the action of this 
fluid, may be illuſtrated and confirmed by ſome: 
parallel effects: here is a ſtop=cock faſtened to the 
neck of a bladder, that it may be ſcrewed on the 
pare of our air pump, we wil do this, and ex- 
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hauſt the air from it: this done, turn the ſtop-cock 


to prevent the air from re- entering; take it off 
the pump, and the bladder is, as you ſaw before 
in one of the preceding Lectures, trans formed into 


two flat ſkins, ſo ſtrongly applied together, that 


you cannot, with all your force, ſeparate one from 
the other: on the contrary, if you fill the bladder 
with air, and turn the ſtop-cock, to prevent it 
from getting out, you will find it more difficult to 
bring the ſides together (if the bladder be not 
ruptured in the attempt, ) than it was before to ſe- 
parate them. Now, fuppoſing a perſon preſented 
with this ſpectacle, unacquainted with the pref. 
| fare of the atmoſphere, as you were before this 
courſe of Lectures, what would he have ſaid, when, 
pulling at the ſides of the bladder, he found it 
- Impoflible to lift up either of them. If acquainted 
with philoſophical terms, he might. ſay, that na- 
ture abhors a vacuum; or he might conſider it as 
an undeniable proof of atira#ion. When the 
bladder is blown up, ſuppoſing him ſtill ignorant 
of the fluid within it, he would probably fay that 
the fides repel each other, or that they are elaſtic; 
attributing that elaſticity to the ſolid matter of the 
membrane, which 1s the property of the ſolid me-' 
dium within it, You remember our experiments 
with the Magdeburgh hemiſpheres: you know that 
if the air be exhauſted from within, there will be 
an excefs of preſſure without, which fixes the he- 
miſpheres firmly together; admit the air, and they 
fall aſunder. As every fluid is naturally in equi- 
librio with itſelf, the air, when applied to both the 
inner and outer ſurfaces, will preſs with equal and 
contrary forces, which of courſe, by counteracting, 
deſtroy each other. | „ 8 
As the entrance of the air deſtroys the ad- 
heſion, by reſtoring the equilibrium, it is plain 
there was not an equilibrium before; the 3 
; ; rom 
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from within muſt have been weaker than the action 
from without : when the former of theſe is made 
equal to the latter, the coheſion ceaſes; it is one 
and the ſame fluid that on this occaſion exerciſes 
the offices of uniting and Jeparating the demi. 
heres. 
: Let us now paſs from the ſurfaces of the 
braſs hemiſpheres, to the coheſion of braſs: this, 
when thrown into the furnace, ſoon grows 'red; 
and as the heat increaſes becomes in a manner 
tranſparent: the matter of fire penetrates into the 
body of the metal, and when the medium within 
is nearly in the lame condition as the rn 
without, there is an end of it's coheſion 13; 
An effect which is thus made to ceaſe in a 
mechanical way, may be produced in the ſame way: 
and if the entrance and extrication of the fire diſ- 
ſolves and ſeparates. the parts of the metal, why 
may not the preſſure of the ſame element be the 
true cauſe of their coheſion ; the fire within com- 
bining itſelf at the, ſame time with the particles 
of the metal, ſo as to have leſs 5 er to exert it- 
ſelf againſt this external preſſure. | If you deny 
the preſſure of the air, you muſt have recourſe to 
attraction or ſuction, or an incorporeal agency, to 
account for the - adheſion of the hemiſpheres. 
Allow but the exiſtence and preſſure of elementary 
fire, the reality of which is manifeſted to as many 
of the bodily ſenſes as air, and you need not have 
recourſe to any of theſe things to account for the 
coheſion of the braſs. If any experimentaliſt can 
exhibit one ſingle ſolitary inſtance of a cohering 
body, where he can prove the internal and external 
preſſures to be equal in all reſpects, we will grant 
him in this caſe his attraction, and confeſs that this 
effect is not brought to paſs in a phyſical way; 


and that we underſtand no more of the cayſc of it's 
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cobeſion than he has expreſſed. under that Word; 


which is juſt nothing at all. 

The effects of heat and tals, as daily exhi. 
bited to our ſenſes in the ordinary changes of the 
weather, are ſufficient to juſtify the foregoing in- 
ferences. When the weather grows warm, the 
power of coheſſon grows weaker : when the wea- 
ther becomes cold, this power is increaſed ; and 
the hardeſt of metals, in common: with all other 
bodies, are proportionably altered in their dimen. 
ſions. Extreme heat will diffolve them; extreme 
cold will harden and render them fo brittle, that 
large bars of iron may be eaſily ſnapt aſunder, after 
they have been expoſed all night in the open air, 
to a ſevere froſt. A power of ſo fluctuating a na- 
ture, and which is thus increafed and diminiſhed 
with every change of the elements, can be no pro- 
perty of the cohering matter. If the changes of 
the atmoſphere are found to make the heights of 
the barometer vary, who can doubt that he Preſſure 
of the air is the ſole and adequate cauſe of it's ſuſ- 
penſion? And accordingly, if the air be totally re- 
moved from the ſurface of the ciſtern, the mercury 
drops to a level with it: thus alſo, if the degrees 
of denſity in a cohering body, vary with the de- 

of heat, where ſhould we ſeek but in the 
element of fire for the true and phyſical cauſe of 
cohefion. - 

Every thing points out that coheſion correſ- 
ponds with What we conceive to be acting, when 
a body is diminiſhed in volume by loſing it's power 
of dilatation: it is a power that is always over- 
come as to this effect, when the oppoſite power, of 
that of dilatation, i is increaſed, 

The operation of fire is varied according to 
the ſeveral conditions in' which it may be found 
to act, In reſiſting the action of that gravitating 
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matter by which the parts of the body tend to ap- 
roach, the operation of the matter oppoſed is 
called heat, and diſtinguiſhed in being that of di- 
latation; therefore, when the volume in certain 
caſes is augmented, the heat of dilatation is che 
proper power by which this change is effected: 
but, when the volume of a body is, on the con- 
trary, diminiſhed by the influence of another body, 
that is cold, then the proper action of heat. in the 
condenſed body, is as much overcome as is that of 
gravitation in the other, which is then dilated. 
Natural bodies may, therefore, be confidered 
as influenced by an agent acting in two different 
modes: in the one, diminiſhing the volume of the 
body; in the n this volume in di- 
latation. The limited extenſion of the body is 
thus conceived, as conſiſting in the proper ballance 
of thoſe oppoſing agents. OF ET 
Hence, as the fixed volume of a body (which 
is not abſolute or real, but apparent,) ariſes from 
the ballance of it's powers; ſo the actual and per- 
ceived changes in the volume of a body, are oc- 
caſioned by the prevalence of one or other of thoſe 
powers, according as increaſe or diminution of 
volume is the effect; and thus in the one caſe it is 
the dilating power of fire which is manifeſted; 
in the other it is the compreſſing action of gravi- 
tation that is to be conſidered as the immediate 
cauſe ; though the more remote one is the abſtrac- 
tion of fire (or that ceſſation of it's action as 
heat,) which, in common language, is the opera- 
tion of cold.  _. | | 
Fire, when acting as heat, is a power acting 
in the oppoſite direction to that principle of gra- 
vitation, by which the union of matter is effected: 
theſe, therefore, are the principles by which the 
volumes of bodies are determined, and conſe- 
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Theſe alſo give riſe to the power by which 
elaſticity is produced. An external force endea- 
vouring to compreſs a body into a ſmaller volume, 
conſpires with the proper action of gravitation, 
and oppoſes that of heat: if, therefore, after hav- 
ing diminiſhed the volume of the body by com- 
preſſion, the external force is removed, as the pro- 
per powers of the body remain, elaſticity ſhould 
appear, by which the natural volume of the body 
is reſtored. „„ 


Or TRUE AND FALSE PHILOSOPHY. 
Of the various diſtinctions which characterize 
philoſophy, there are none which deſerve ſo much 
your attention. as thoſe which ſeparate what is 
true from what is falſe : from theſe you will learn, 
that thoſe men who aſſume the name of philoſo- 
phers, to countenance infidelity and licentiouſ- 
neſs, are not leſs enemies to philoſophy than to 
divinity. anerar vn 1694 
The mind of that man who conceives fo 
falſely of the Divine oracles, as to believe that they 
oppoſe true and uſeful learning, has been de- 
bauched by ſophiſtical reaſonings, or debaſed by 
groveling and unworthy purſuits. Sacred writ 
arms us, indeed, againſt. vain philoſophy, and all 
the empty fictions of the human imagination, 
which bring forth neither pleaſure nor profit; but 
then it invites you, in the ſublimeſt ſtrains, to 
conſider the works of God, whoſe counſels and 


perfections, as they are diſplayed in the creatures, 


will ever be beſt underſtood by thoſe who ſtudy 
them with hunulity and attention. : 
Learning and philoſophy never. ſhone more 
bright than when they met with faith and religion 
in the mind of the excellent Lord Bacon; whoſe 
opinion it was, that the wonderful works of God 


de miniſter a ſingular help and preſervation againſt 
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infidelity and error. If there be any philoſophers 
ſo void of underſtanding, as to regard the ſcience 
of nature, only as a tower of ſtate for a proud 
mind to raiſe itſelf upon; and to eſteem themſelves 
licentiates in infidelity, becauſe they make ſome 
figure in philoſophy; it may poſſibly do them 
ſome good, to look back upon the example of this 
great man, who preſerved a mind untainted with 
the pride of hereſy and infidelity; and was not 
more to be admired for his extenſive learning and 
experience in the ways of nature, than for his 
theological {kill and penetration into the wiſdom 
of the ſacred writings: © There are,“ ſays he, 
« two books, or volumes of fludy laid before us: i, 
we will be ſecured from error, firſt, the Scriptures 
revealing the will of God, and then the creature's 
expreſſing his power, whereof the latter is a key unto 
the former: they are both written by the finger of the 
one eternal God.” | | 
In theſe we are taught that the ſame God, 
who created the world in wiſdom, «pholds it in 
mercy ; that in him we live, and move, and have 
our being. If the ſun gives us light and warmth, 
it is bis ſun, which he maketh to riſe on the evil 
and the good. If the clouds pour down their 
water upon our fields, to nouriſh and bring for- 
ward the fruits of the earth, it is he that /endeth 
rain on the juſt and unjuſt : to him, therefore, the 
bleſſings that are diſpenſed to us in the ordinary 
courſe of nature, are to be devoutly aſcribed, as to 
the primary ſource of all life and motion. This 
concluſion will be equally true, whether. God is 
ſuppoſed to diſtribute the benefits of nature from 
his own hand immediately, or by the mediation of 
ſecondary cauſes of his own appointing ; for either 
way the real government of the whole can only 
terminate in himſelf. | 
Vox. I. R . 
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There are ſome who diſpute againſt the ope. 


ration of ſecond cauſes,* as thinking it to derogate 
from the power of God, that he ſhould ſtand in 

need of their aſſiſtance. But they ſhould be told, 
that God did not make the world becauſe he him- 
ſelf ſtood in need of any thing: it was for the 
benefit of his creatures ; and with the ſame views 
he eſtabliſhed the operation of ſecond cauſes, con- 
fulting therein our wants, not his own. 

Man is a compound being, made up of two 
different parts that claim a kindred with two dif- 
ferent worlds, the viſible and inviſible. The na- 

tural, or bodily part, muſt be ſupported by natural 
powers; the ſuperior, or ſpiritual part, by God, 


who is a ſpirit, and whoſe powers alone can poſ- 


fibly extend to it's wants. When nature ſhall 
_ fink, and the ſpiritual world open upon us, God 
himſelf will take the place of all inferior cauſes, 


A ſpiritual interpoſition is not wanting in the 


Chriſtian diſpenſation; but then it is calculated 
for the benefit of man's ſpirit, while his body is 
left to the ways of nature. The two Kingdoms 
of nature and grace, as two parallel lines, correſ- 
| pond to each other, follow a like courſe, but can 
never be made to touch. An adequate underſtanding 
of this diſtinction in-all it's branches, would be the 
conſummation of human knowledge. 


* © Certain it is,” ſays Lord Bacon, * that God worketh no- 
thing in nature, but by ſecond cauſes; and if they would have it 
otherwiſe believed, it is mere impoſture, as it were in favour 


towards God, and nothing elſe but to offer to the Author of 


, 


Truth the unclean ſacrifice of a lie,” 
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EAT and coLD are perceptions of which we 
acquire the ideas from the ſenſes : properly 
ſpeaking, theſe ideas only indicate a certain ſtate 
in which we find ourſelves independent of any 
exterior object. : | 4 | 
Hhut as theſe ſenſations are, for the moſt part, 
produced by ſome of the bodies which ſurround 
us; and as they are generally accompanied in the 
bodies themſelves by an augmentation or dimi- 
nution of fire, we conſider them as cauſes; and, 
judging by appearances, we apply the names hot 
and cold to the ſubſtances themſelves, calling 
thoſe hot, which produce in us the ſenſation of 
heat, and thoſe cold, which communicate the 
ſenſation of cold. Whatever be the nature of that 
quality in bodies which we call heat, we are aſſured 
it does not reſemble the ſenſation of heat: it is 
no leſs abſurd to ſuppoſe a likeneſs between the 
ſenſation and the quality, than it would be to ſup- 
poſe that the pain of the gout reſembles a ſquare 
or a triangle. The moſt unlearned man, if endued 
with common ſenſe, never imagines the ſenſation - 
of heat, or any thing that reſembles it, to be in the 
fire; he only imagines that there 1s ſomething in 
the fire which occaſions this ſenſation : but as the 
name more frequently ſignifies this unknown ſome- 
thing, than the ſenſation occaſioned by it, he juſtly 
laughs at the philoſopher who denies that there is 
any heat in the fire. The contradiction, however, 
between the philoſopher and the vulgar, is more 
apparent than real, and is owing to an abuſe of 
language on the part of the philoſopher, and of 
Tm. i op indiſtinct 
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_ indiſtinct notions on the part of the vulgar. The 
philoſopher ſays there is no heat in fire, meaning 
that the fire has not the ſenſation of heat: his 
meaning 1s juſt, but his language is improper ; for 
there is really a quality in fire, of which the pro- 

er name is heat; a name given to it more fre. 

- quently both by the philoſopher and the vulgar, 

than to the ſenſation of heat : and when he ex- 

plains himſelf, and ſays that fire does not feel heat, 
the difficulty vaniſhes, and the vulgar will agree 

| with him.* . . 

| And further, heat and cold ſignify as well our 
ſenſations, as the modifications of bodies occaſion- 

ing them: therefore, though we ſay the fire is 

4 hot, and makes us hot, we do not mean the ſame 

thing by the ſame word in both places: thus when 
we talk of fire melting metals, or burning com- 
buſtibles by the intenſeneſs of it's heat, we mean 
the property it has of producing the alterations we 
fee made in thoſe bodies; and this we denominate 
heat, from that beſt known effect we find it have 
upon ourſelves, in raiſing a burning ſmart in our 
fleſh whenever we approach near enough ; there- 

fore, thoſe who would find fault with us for attri- 
buting heat, &c. to inanimate bodies, are too 
haſty; for by ſuch expreſſions we do not under- 
ſtand the ſenſations, but the qualities giving riſe 
to them, which qualities really belong to the bo- 
dies: ſo that with your plain neighbours you may 
maintain ſnow to be white, fire hot, ice cold, 
roſes ' ſweet, poppies . ſtinking, wormwood bit- 
ter, and the like; and this you may juſtly do without 
offence to propriety of ſpeech, or to ſaund phi- 


loſophy. re 
Our ſenſations depend not only on the ſub- In 
ſtances which excite them, but on the actual ſtate di 
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of our bodies at that time; we cannot, therefore, - 
conclude the exact identity or fimilarity of the 


cauſe from the ſameneſs of the ſenſations, unleſs 


we could be aſſured our bodies were in the ſame 
ſtate; if they be not, the ſame object will produce. 


very different ſenſations : thus, if you plunge your 
hand into luke-warm water, the water will appear 
cold, if your hand be warm; but if your hand be 
cold, the water will appear to be warm, though in 
both caſes it poſſeſſes the ſame temperature. 


+ Or sENSIBLE HEAT. 


Heat and cold are not names of things eſſen- 
tially different, but only of different degrees of the 
fame thing; that is, of. fire in motion. The pe- 
netrating power of fire conſidered as a ſenſation, 
or, in other words, /en/ib/e heat, is only the effect 


produced upon our ſentient organs, by the motion 


or paſſage of fire diſengaged from the ſurrounding 
bodies. When you touch a cold body, fire, which 
always tends to an equilibrium in all bodies, paſſes 
from your hand into the body you touch; this loſs 
of fire communicates to us the ſenſation of cold. 
The contrary happens when we touch a warm 


body; the fire then paſſing from the body into our 


hand, produces the ſenſation of heat; if the hand 
and the body touched be of the ſame temperature, 
or very nearly ſo, we receive no impreſſion of heat 


or cold: our ſenſations are, therefore, both imper- 
fect and deceitful meaſures of heat, and will not 


aſcertain the condition of bodies, with reſpect to 
heat and cold; hence philoſophers have ſought for 
ſome method by which they determine the tempe- 
rature of bodies with certainty: this they found 
in that property of heat, whereby it expands and 


dilates all bodies, which are conſequently contracted 


by leſs degrees of heat, or what we term cold. 
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7 Or TurRMOMET ERS. 
Ihe thermometer (fig. 4, pl. 5,) is the in- 
ſtrument deviſed by ſcience, and executed by art, 
as the moſt extenſive and accurate means of infor- 
mation, with reſpect to the diffuſion of heat among 


bodies. It is perceptibly affected by the dilatation 


of a ſmall quantity of fire received, or by the con- 
denſation following upon the ſeparation of a ſimi- 
lar quantity of fire: conſequently, when this in- 
ſtrument 1s ſeverally connected with bodies being 
in a ſeparate ſtate, the different or equal tempe- 
ratures of thoſe bodies may be diſcovered by the 


thermometer, according as it ſhall either indicate 


diffuſion, or no diffuſion, of heat on theſe occa- 
ſions. In other words, V 

Thermometers are inſtruments to meaſure the 
degree 'of heat by the expanſion and contraction 
of different ſubſtances. Fluids are thoſe generally 
uſed, becauſe they dilate more readily than ſolids, 
Quickſilver is preferred to other fluids, 1. From 
it's unchangeableneſs: 2. For the regularity of it's 
expanſion : 3. Becauſe it does not ſoil the tube. 

A mercurial thermometer conſiſts, as you ſee, 
of a tube of glaſs, the end of which is blown into 
a ball or cylinder; the ball, and part of the tube, 
is filled with mercury: the expanſion or contrac- 
tion of the mercury is ſhewn by the riſe and fall 


of the mercury in the tube, which is meaſured by 
the ſcale affixed thereto. The ſmaller the bore or 


diameter of the tube' is, the more viſible will be 
the riſe of the fluid by a ſmall expanſion. It is 


not ſufficient, however, to have found a meaſure 


of heat; it muſt alſo be univerſal; that is, ſpeak 
the ſame language, and raiſe the ſame ideas in the 
mind in all places, and at all times. To this end 
it 1s neceſſary, 1. That this meaſure ſhould begin 


from a known and determinate point: 2. That an- 


other 
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other point be aſcertained at ſome diſtance from 
the former, but equally fixed and certain : 3. That 
the ſpace between theſe two points be divided into 
a given number of degrees, ſo that the ſcale may 
always have a conſtant and known proportion. 
It has been clearly proved, by numerous ex- 
periments, that the freezing-point of water, or 
temperature of ice or ſnow at the inſtant of for- 
mation, or rather when it is beginning to liquify, 
is conſtantly the ſame in all places, and at all 
times. The ſame may be ſaid of the boiling- point 
of water, or the temperature at which, under a 
given preſſure of the atmoſphere, an ebullition 
takes place. If, therefore, the bulb of a thermo- 
meter be plunged into melting ſnow, and after- 
wards into boiling water, and be kept in each till 
it acquires their temperature, and marks are made 
at thereſpective heights the mercury ſtands at onthe 
immerſion in each temperature, two fixed points 
will be obtained. To make this plainer, if you 
put the bulb: of a mercurial thermometer into 
melting ſnow, it will fall to a certain point, where 
it will remain till the ſnow be melted; ſhewing 
Joy that ſnow has always a certain degree of cold- 
neſs, and has the power ,of.. reducing mercury to 
the ſame degree. In the ſame manner, if you 
plunge your thermometer into boiling water, it 
always riſes to the. ſame height. While you are in 
health, if you place the bulb of a thermometer in 
the mouth, it will always riſe to a certain point. 
In a good thermometer it is neceflary that the 
ſpace between the mercury and the ſealed end of 
the tube be free from air; if this be effected, the 
mercury in the tube will run backwards and for- 
yards upon inverting the inſtrument. The ſcale 
muſt be adjuſted to the inequalities: of the tube; 
the fixed points muſt be accurately aſcertained.- 
Ps R 4 The 
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The thermometers moſt in uſe at preſent are 
Fabrenheit's, Reaumur's, and Celſius's. In Fah- 
renheit's ſcale, the number of degrees between the 
freezing and boiling water point is 180; the freez- 
ing point being at 325, and the boiling point at 
2129: both the numbers are above o, or the point 
from which the degrees are numbered both ways. 
Tn Reaumur's ſcale the number of degrees be. 
tween theſe two points 1s 80, and the freezing point 
is called o. In Celſius's thermometer the in- 
terval is divided into 100, and the freezing point 
is O, as in Reaumur's. To reduce theſe ſcales to 
each other,' you muſt obſerve that one degree of 
Fahrenheit's is equal to four-ninths of a degree of 
Reaumur's, and to five-ninths of a degree of Cel- 
ſius's: therefore, if you multiply the number of 
degrees below or above the freezing point of Fah- 
renheit's by 4, and divide the product by 9, the 
quotient will be the correſponding number on 
Reaumur's ſcale. If the multiplier 5, and the 
divifor 9, be uſed, the quotient will give the de- 
grees of Celſius's ſcale: and, on the contrary, if 
any number of degrees be multiplied by , and 
divided by 4, if of Reaumur; by 5, if of Celſius; 
the quotient will give the degrees of Fahrenheit, 
either above or below the freezing point, accord- 
ing to the caſe. * 

I) he dilatations and contractions of the mer- 
curial thermometer are nearly proportional to the 
quantity of fire, which are communicated to the 
fame homogeneous bodies, or ſeparated from them, 
as long as they retain the ſame form: thus the 
quantity of heat required to raiſe a body, four de- 
grees in temperature by the thermometer, is nearly 
double that which is required to raiſe it two de- 
grees; four times that required to raiſe it one de- 
gree, and fo in proportion, j 


The 
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Ihe determination of the correſpondence be- 
tween the degrees of the thermometer, and the 
actual variations of the heat of fluids, has been 
accurately inveſtigated by Mr. De Luc: he laid 


it down as a principle, That. if equal quantities f 


hot and cold water be mixed together, the difference 
of heat will be equally divided between them: from 
whence it was concluded, that a thermometer 
being immerſed in hot water, and alſo in cold, 
previouſly to the mixture, if the expanſions were 
in proportion to the quantities of fire communi- 
cated, it would point after the mixture to the 
arithmetical mean, or to half the difference of the 
ſeparate heats added to the leſs, or ſubtracted from 
the greater. Thus, a quantity of water at 45.5,* 
being mixed with an equal quantity at 200.75, the 
thermometer indicated ſomewhat leſs than the 
arithmetical mean; the deviation was not more 
than two degrees below that point. The experi- 
ment was repeated at different temperatures with 


a ſimilar reſult ; from whence M. De Luc inferred | 


that the mercurial thermometer 1s nearly an accu- 


rate meaſure of heat. The experiments. from 


which this fundamental principle 1s derived, have 
been examined with peculiar care and accuracy by 
Dr. Crawford ; who ſtill found that the expanſions 
of the mercury in the thermometer, are correſ- 
pondent with the heat it receives; and that it is, 
therefore, an accurate meaſure of heat. p 


When the thermometer is riſing, it ſhews that 


fire is entering into the ſurrounding bodies: the 
thermometer, which is one of theſe, receives it's 
ſhare in proportion to it's maſs, and the capacity 
it has for containing fire. The change, there- 
fore, which takes place in the thermometer, an- 
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nounces a ftate of action, and probably q change 
of place in the fire contained in the ſurri unding 


— 


bodies, and of which itſelf forms one part: i: il 
indicates the portion received; but is not a mea. 
ſure of the whole quantity diſengaged, diſplaced, 
or abſorbed. We cannot deduce with accuracy | 
from it the fire which efcapes from living bodies, , 
or determine with preciſion the temperature of any a 
ſubſtance; for the ſcale of the thermometer is a ; 
ſcale of expanſion, not of heat. | | F 
As it is eſſential to conceive clearly what is ö 
really indicated by the thermometer, let us ſuppoſe . 
_ thermometer in a veſſel full of water: now both 
the water and the thermometer contain fire, and / 
| this has a tendency to quit both. If this force be 
N equal in each, the mercury will neither riſe nor 
| fall on plunging the inſtrument into the water, be- f 
| cauſe fire has the ſame degree of expanſibility in 6 
| _ each; and the thermometer ſhews, by the degree ſu 
| an it's ſcale, the temperature of the fluid. th 
If the expanſive force of the fire in the water, 65 
or it's tendency to quit the water, be greater than 9 
that of the fire in the thermometer, it will paſs h 
ito the thermometer, and expand the mercury till of 
the fire in each has the ſame force; ſo that the th 
mercury will in this caſe alſo indicate the tem- na 
/ perature of the fluid. If the tenſion of the fire of 
be leſs in the' water than in the thermometer, ne 
the exceſs will be communicated by the ther- th 
mometer to the water until they have acquired tir 
an equilibrium; the thermometer will deſcend ol 
as the fire abandons it, and ceaſe to deſcend when pe 
the expanſive force is equal in each; fo that in Bo 
this caſe alſo it indicates the temperature of the tue 
water. | „„ to 
But this expanſive action of fire depends on cu] 
| ES | two 15 
bel 
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two cauſes : the degree of it's accumulation, or 


abſolute denſity, and on the faculty of the ſub- 
ſtance in which it is accumulated, to reſtrain or 
retain it, which is often called it's /pecific heat: 
the expanſibility is in the direct ratio of the den- 
ſity, and inverſe of the ſpecific heat. From what 
has been ſaid, I hope it {till appears more evident, 
that thermometers do not teach us any thing con- 
cerning the abfolute, or even relative quantity of 
fire that is contained in bodies: They only indicate 
the tranflations or transfuſions of the igneous fluid ; 
and ſubdivide into nearly equal aliquots, a certain 
portion of the entire ſcale of heat. | 


Or LaTENT FIRE, AND SPECIFIC HEAT. 


Let us ſuppoſe a point, or focus, from whence 


there iſſues a conſtant and uniform emanation of 
fire; and that at equal diſtances round it ſeveral 
ſubſtances of the ſame nature and ſize be placed; 
theſe will all be penetrated by the igneous emana- 
tion, and their temperature will riſe by equal de- 


grees, and will ceaſe to riſe when the fire within 


ſhall have acquired an expanſive force equal to that 
of the emaning fire: but if the ſubſtances, 
though of equal maſs or weight, are of a different 
nature; as, for inſtance, a pound of water, a pound 


of glaſs, a pound of mercury, &c. the fire will pe- 


netrate them all, and they will all finally acquire 
the ſame temperature, but in different ſpaces of 
time, and by diſſimilar degrees. This may depend 
on two cauſes not eaſily ſeparable: the different 


permeability of theſe ſubſtances to the matter of 


fire, or to their faculty of conducting heat, in vir- 
tue of which a longer or ſhorter time is required 


to penetrate their texture. The greater their fa- 


culty of containing or retaining liberated heat, the 


more will they permit the accumulation thereof, 


before an equilibrium in the expanſive force takes 
place; 
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place; conſequently you cannot infer that this 


equilibrium 1s occaſioned by equal accumulations 


of fire. 9 5 

If an hygrometer be applied to different ſub- 
ſtances, as blotting paper, ſpunge, and wood, the 
moment they are taken out of the Vater, it 
might ſhew us that they were equally wet, but 
would leave us altogether 1gnorant of the quan- 
tities of water they contained: in like manner 
the thermometer applied to ſubſtances heated to 
the ſame degree, will ſhew that the fire has an 
equal expanſibility in each; but it teaches us no- 


thing as to the abſolute or relative quantities of 


fire which produce this tendency : but you may 
obtain the relative quantities of water in the three 
ſubſtances, by drying them to the ſame degree in 


an apparatus proper to ſelect ſeparately the water 


—_ 


ture. 


which will abandon them. So you may likewiſe 
obtain the relative quantities of fire contained by 


the various ſubſtances heated to the ſame thermo- 


metric degree, if you cool them to the ſame de- 
gree in an apparatus proper to receive and meaſure 
ſeparately the quantity of fire which abandons 
them during their refrigeration : this may be et- 
fected either by means of mixture, or by the ap- 

aratus contrived by Meſſrs. Lavoifier and De La 

lace. This reaſoning, as well as the experiments 


on Which it is founded, are clear proofs of the ma- 


teriality of fire. | 

Fire, conſidered in this point of view, as ac- 
cumulating in a greater or leſs quantity in ſub- 
ſtances of different natures, but of equal maſſes, 
and in which it acquires the ſame expanſive force, 
is often termed /pecific heat: it is the relation of 
the quantities of fire neceſſary to raiſe different 
ſubſtances of equal maſſes to the ſame tempera- 
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To diſcover the quantity of fire contained in 
Jodies, Meſſrs. Lavoiſier and De La Place invented 
a ſimple, but admirable inſtrument, to which they 
have given the name of calorimeter, or apparatus 
for meaſuring the relative quantities of fire con- 
tained in bodies; it 18 founded upon the following 
principles, 1. That if any body be cooled to the 
freezing point, and then expoſed to an atmoſphere 
of 88.25, it will be heated gradually from the ſur- 
face inwards, till at laſt it acquires the ſame tem- 
perature with the ſurrounding air; 2. That if a 
piece of ice be placed in the ſame ſituation, the 


circumſtances are quite different; it does not ap- 


proach in the ſmalleſt degree towards the tempe- 


rature of the circumambient air, but remains con- 


ſtantly at 32 (or the temperature of melting ice) 
till the laſt portion of ice be completely melted: 
in other words, That ice abſorbs all the fire commu- 
nicated to it, without communicating it to other 
bogies, until the whole be melted; and conſequently 
that we may calculate the degrees of heat commu- 
nicated by the quantity of 1ce which 1s melted. 
This phenomenon is thus explained: To melt 
ice, or req;ice it into water, it muſt be combined 
with a certain portion of fire: the whole quantity 
firſt communicated, is fixed at the ſurface of the 
external layer of ice; this it diſſolves, combining 
with it to form water; the next quantity combines 


with the ſecond layer, and forms it into water; 


and ſo on ſucceſſively, till the whole ice is diſſolved 
and converted into water by being combined with 
fire; the laſt atom ſtill remaining at it's former 
temperature, becauſe the fire never penetrates ſo 


far, as long as any intermediate ice remains to be 


melted. | 
Upon theſe principles, if you imagine a hol- 


low ſphere of ice at 329, placed in an atmoſphere 


of 54 5%, and containing a ſubſtance at any de- 
| gree 
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gree of temperature above freezing, it will folloy, 
1. That the heat of the external atmoſphere can. 
not penetrate into the internal cavity of the ſphere 
of ice: 2. That the heat of the ſubſtance placeq, 
cannot penetrate outwards beyond it, but will be 
ſtopped at the internal, ſurface, and continually 
employed in melting ſucceſſive layers of ice, unti 
it's temperature is reduced to 329%, by having al 
the heat above that temperature carried off by the 
ice: 3. If the quantity of water within the ſphere 
of ice during the experiment be carefully col. 
lected, the weight of the water will be exactly 
proportional to the quantity of fire loſt by the body 
in paſſing from it's original temperature to that of 
melting ice; it being evident that a double quan- 
tity of fire would have melted a double quantity of 
ice; and that the quantity of ice melted is an 
exact meaſure of the quantity of fire employed to 
produce the effect; and of the quantity loſt by the 
only ſubſtance from which it could be obtained. 
The foregoing ſuppoſition is only made to explain 
more readily the nature of the experiments and 
apparatus uſed by M. De La Place: an apparatus 
ſo contrived, 1. That the ice abſorbs all the fire 
diſengaged from the bodies under examination: 
2. That the ice is ſecured from the action of every 
other ſubſtance which might facilitate it's fuſion: 
and, 3dly, To collect with care the water produced 
by the fuſion, 5 
The apparatus conſiſts, as you ſee, of three 
circular veſſels, nearly inſcribed in each other, 
Fe. 12 and 13, pl. 4,) ſo that three vacancies are 
produced. The interior ſpace or vacancy is formed 
by an iron grating upon ſupports of the ſame me- 
tal; here it is that the bodies ſubjected to experi- 
ment are placed. The top of this cavity is cloſed 
by means of a cover: the middle ſpace next to this 
is deſigned to contain the ice which ſurrounds the 
. 5 5 interior 
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interior copartment : this ice is ſupported and re- 
tained by a grate, upon which a cloth is ſpread; 
in proportion as the ice melts, water flows through 
the grate and the cloth, and is collected in a vellel 
placed underneath. Laſtly, the external place or 
copartment of the apparatus contains ice, intended 
to prevent the effect of the engem heat of the 
atmoſphere. 

To uſe this chi the middle or ſecond 
ſpace is filled with pounded ice, as is alſo the covet 
of the internal ſphere ; the ſame thing is done with 


regard to the external ſpace, as well as to the ge- 


neral cover of the whole machine : the interior 
ice is ſuffered to drain; and when it ceaſes to af- 
ford water, the covering of the internal ſpace is 
raiſed to introduce the body, upon which the ex- 
periment is intended to be made: the covering is 
to be put on immediately, and the whole apparatus 
remains untouched until the included body has ac- 
quired the temperature of 32, or the freezing tem- 
perature of water, which is the common tempera- 
ture of the internal capacity: the quantity of 


melted water afforded by the melting ice is then 
weighed; and this may be conſidered as an accu- 


rate meaſure of the heat diſengaged from the body, 
becauſe the fuſion of the ice is the effect of this 
heat only. Experiments 'of this kind laſt 1 5. 18, 
or 20 hours. 

It is of great conſequence, that in this ma- 
chine there ſnould be no communication between 
the middle, or ſecond, and the external ſpace. - 

Ihe air of the room ſhould not be lower than 
32, becauſe the ice would then receive a „ 
cold lower than that temperature. | 

As ſpecific heat is the quantity necifſary. to 
raiſe bodies to the ſame number of degrees * 
temperature; when the ſpecific heat of a folid: 


80 Is . it's temperature muſt be elevated 
a certain 


ö 
' 
; 
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a certain number of degrees; at which inſtant i: 
muſt be placed in the internal ſphere, and there 
left until it's temperature is reduced to 322 : the 
water is then collected, and this quantity divided 
by the product of the maſs of the body; and the 
number of degrees of it's original temperature 
above 32, will be e to it's ſpecific 
heat. 

Fluids are incl6ſed 3 in veſſels bee heat has 
been previouſly determined. The operation is the 
ſame as for ſolids; excepting that the quantity of 
water afforded, muſt be diminiſhed by a deduction 
of that quantity which has been melted by the heat 

of the veſſel. 
lo determine the heat diſengaged during the 
combination of different ſubſtances, they, as well 
as their containing veſſels, muſt all be reduced to 
32; and then placed in the internal ſphere, and 
the quantity of water collected is the meaſure of 
the difengaged heat. 

To determine the heat of combuſtion and reſ- 

tration, as the renewal of air is indiſpenſible in 

theſe two operations, it is neceſſary to eſtabliſh a 
communication between the internal part of the 
ſphere, and the ſurrounding atmoſphere : to pre- 
vent error, theſe experiments ſhould be made when 
the temperatufe of the air differs very little from 
the freezing point. 

For gafles, a current muſt be eſtabliſhed 
| through the internal part of the ſphere, and two 
thermometers are to be uſed; one at the place of 
introduction, and the other at-the place of eſcape: 
by a compariſon of the temperatures exhibited by 
theſe two inſtruments, a judgment is formed of the 
heat abſorbed, and the melted i ice is meaſured. 
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METHODS OF MEASURING GREAT DEGREES OF 
| Hear. a 7 

As the degrees of heat can only be appre- 
ciated by it's effects; and as fluid thermometers 
can only be uſed in temperatures below their point 
of boiling, various inſtruments have been contrived 
to eſtimate the effects of heat; ſome of theſe have 


been already deſcribed : I ſhall now give you an 


account of one contrived by Mr. Wedgewood, for 
aſcertaining themeaſure of the more intenſe degrees 
of heat. . 
The ſubſtance he uſes for this purpoſe, conſiſts 
of three parts .of argillaceous earth added to two 


parts of the filiceous kind, which are well waſhed, 


&c. and then dried: this dry clay is ſoftened by 
adding two-fifths of it's weight of water; and is 
formed into pieces by compreſſing it through holes 


of proper dimenſions, in the- bottom of a veſſel; 


and when dry theſe pieces are expoſed to.the fire, 
and ſhew it's intenſity by the contra@ion of their 
dimenſions, which are aſcertained by a gage made 
of two ſtrait pieces of braſs 24 inches long, di- 
vided into inches and tenths : they are fixed on a 
braſs plate, fo as to be ſix-tenths of an inch aſun- 
der at one end, and three-tenths at the other; ſo 
that one end of the pieces, when properly ſized, 


Juſt fills the wider end: if this piece be diminiſhed 


by heat-one-fifth of it's bulk, it will paſs through 
one-half the length of the gage; if diminiſhed 
two-thirds, it will paſs on to the narrower end; 
and in any intermediate contraction, the degree at 
vhich the piece ſtops againſt the converging ſides 
vill meaſure it's contraction; each diviſion of the 
ſcale anſwering to r th part of the breadth of the 
piece of clay. 1 | 


Yah 1, . Experiments 


2 
* "= : 2 
— — ͤ—ꝑ—p—üä4—ä A — — — —t— — ik; — ̃ — — 


258 Lrcrurts on NATURAL Pnrtosophry, 


Experiments by this Thermometer, 

Degrees. | 
156 Common Chineſe porcelain becomes ſoft, 
150 A Heſſian crucible melted into a flag-like 

ſubſtance. | 
130 Caſt-iron melts. | > 
125 Heat of a common ſmith's forge. 
124 Vitrification of plate-glaſs. 
114 Ditto of flint-glaſs. 


121 Bow china, | 
112 Derby china, pred 
105 Chelſea china, | 
102 Stone-ware, fixed. 

95 Welding heat of iron. 
86 Queen's ware, fixed. 

42 Gold, s 
28 Silver, | 

27 Swediſh copper, 
21 Braſs, „ 
o Red heat vifible in the day. 


melted, 


Dr. Martine, to obſerve the quickneſs witl 
which bodies heat and cool, put an equal quantity 
of mercury and water into two diſtinct phials 
cloſely ſtopped; and found, upon putting them 
into boiling water, that the mercury received heat 
much ſooner than the water, and in greater quan- 
tity, and loſt it much ſooner, notwithſtanding it's 
denſity ; hence the temperature of mercury is more 
eaſily raiſed than that of water. To know the 
equilibrium of heat among various ſubſtances, ex- 
periments muſt be made upon them; as it varies 
irregularly, and ſeveral of the metals require lels 
fire to heat them than water: thus the ſame fire 
heats lead twice as much as water ; or lead loſes 


and-gainsas 5 to2 ; thus heat water and lead tothe 


fame point, and then two cubic inches of my 
Wi 
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will produce as much heat in cold water, as 5 cu- 
pic inches of heated lead would do in the ſame: 
quantity of water. Tin and glaſs require half the 
quantity, or as 4 to 2: iron requires the ſame_ 
quantity as water; copper ſomewhat more: hence 
the intenſe heat of iron and copper when red-hot. - 
On theſe principles Dr. Black had a method of 
eſtimating high degrees of heat : far having found 
that iron and water were heated equally by the 
ſame degree of heat, he took a piece of red-hot 
iron of a determinate ſize, and plunged it into 100 
times it's bulk of water; and when the whole of 
the heat which was concentrated in the iron, was 
diffuſed through the water, he meaſured the heat 
of the water by a thermometer: this multiplied 
by 100, gave the heat of the iron when red-hot. 
Sir Iſaac Newton thought that the progreſſion 
with which heat is communicated or loſt, is 
geometrical; Dr. Martine, that it is a compound 
of geometrical and arithmetical progreſſion. Dr. 
Black thinks the method of making experiments 
ih o inveſtigate this progreſſion, ſhould be by ſtreams 
ity Nof air and water paſſing off continually : thus the 
als cooling cauſe would keep a conſtant equal pro- 
em greeſſion; but if the cooling medium of air or wa- 
eat ter be ſtagnant, the caſe is quite changed: on this 
n- yrinciple depend the phenomena of air, which in 
t's fill calm weather ſeems: warmer than in windy 
ore WW cather, though by the thermometer we find it the 
the ame: in calm weather our bodies make a kind of 
a moſphere of their own, which is warmer than the 
ies N urrounding atmoſphere. Air, when agitated, is not 
fs dereby made cooler; yet if you blow with a bellows - 
ire Nen a piece of ice, it will melt ſooner than when not 
ſes blown upon, becauſe you blow away a ſmall por- 
the don of air which the ice had cooled round it. 
tet As the methods of making experiments on 


vill h degrees of heat are of the utmoſt importance, 
1 8 2 1 ſhall 
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I ſhall now lay before you the means uſed by the Rey. 
Mr. Jones for this purpoſe. His firſt attempt waz 
with the inſtrument we uſed to exemplify the force 
of fire. To reduce it's motion to the ordinary ſcale 
of Fahrenheit, this bar (fig. 3, E, pl. 5,) was inclu- + 
ded ina braſs box, and was heated, together with x 


mercurial thermometer, by the application of boiling w 
water; and when it appeared, by the index, tha: I 
the bar had acquired as much heat as the water Wl n. 
would communicate, the heat of the water was he 
marked by the thermometer. By this means, he Il © 
diſcovered what number of degrees in the gradua- pi 
ted arch, anfwered to a certain number of degrees 3s 
on Fahrenheit's ſcale; as the motion of the index wi 
was not equable in all parts of the arch, he aſcer- wo 
tained. it's irregularities by the micrometer ſcrey 1 
and plate. | ho 
Two ſubftantial iron. heaters were made red- 998 

hot, and then applied in turn to the bar under ex- Fer 
amination; and thus the degrees of heat, at which oh 
the ſeveral colours appear on the poliſhed ſurfaces 1 
of braſs and iron bars, were readily obtained. The Wil * 
foregoing method not carrying Mr. Jones fo far a8 of 
he wiſhed to go, he then adopted another mode, Bi | 10 
founded upon this principle, That denſe fluids a 
acquire heat ſooner than rare ones; water heats yy. 
mercury more and quicker than mercury heats BY . 
water. To render this evident, let us immerge wy 
theſe two thermometers, one made with ſpirit, , = | 


the other with mercury: you ſee how fluggiſh the Bi | ; 
ſpirits moved, and how ſoon the mercury acquired = 
it's greateſt degree of expanſion : you may render WW * 
this ſtill more evident by plunging an heated 1ron 

into an open veſſel of mercury: if you agitate the 
Heated iron ſuddenly under the mercury, all the 

heat it is capable of receiving is communicated 

_ almoſt inſtantaneouſly. 


Mr, 
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Mr. Jones ſuppoſes that the heats communicated 
to a given quantity of mercury by an immerſion of 
the ſame iron differently heated, will be to each 
other as the original heats in the iron itſelf. To ob- 
tain a datum, he firſt plunges a piece of iron, with 
a known degree of heat, into a given quantity of 
mercury, and obſerves the degree of heat commu- 
nicated. Let us ſuppoſe, fays he, the quantity of 
mercury in an iron veſle] to be 2 pounds, the 
heated iron a cylinder weighing 274 grains : this 
cylinder having the heat of boiling water 2120 
plunged into the mercury with a temperature of 
52%, will communicate to it 10 degrees of heat, 
which is of that exceſs it had acquired: we ſay, 
then, that let the exceſs of heat in iron be what it 
will, the heat communicated to the mercury will 
always be z of that exceſs ; ſo that if we put 7 for 
the natural temperature of the mercury, h for the 
communicated heat, and x for the heat required, it 
will be  X 16 % = x. This method was ſo eaſy, 
that Mr. Jones preferred it to the former ; with 
which, however, to his great ſatisfaction, it agreed 
as far as it extended. In determining the degrees 
this way, it was always taken for granted that the 
heated iron parts with all it's exceſs of heat to the 
mercury, and that the diſtribution is ſo nearly in- 
ſtantaneous, that it may be taken for ſuch without 
any material error. Some little time will inevita- 
bly be loſt, and therefore the heats obtained by this 
method of mercurial immerſion, eſpecially the greater 
heat near. the extremity of the ſcale, will always be 
rather ander than over-rated. | 
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1 SCALE OF 1 | 
Fahrenheit's Degrees 
tes in 8 about 3000 


Iron with the white ſparkling heat of a 


ſmith's forge _ 2780 
Iron with a heat almoſt white 2080 
The heat of live coals without blowi Ing, 

perhaps about 1650 
Iron with a glowing red by day-light 1600 
Iron juſt red-hot by day-light — 1120 
Iron juſt red-hot in the dark —ç I000 
Greateſt heat of lead in fuſion  —— 820 
Colours of iron are burned off —— 800 | 


Mercury boils, by ſome placed at 600; by Jones 700 


Poliſhed iron takes a full blue 700 
Poliſhed iron takes a purple — 660 
Linſeed oil boils, by ſome at 600 — 620 
Lead melts — 610 


Poliſhed iron takes a ſtraw colour — _ bog 


Oil of vitriol boils — 546 
Braſs takes a blue colour — 500 
Tin melts — 490 
Tin-foil and biſmuth — 450 
Braſs takes a copper colour 415 
Poliſhed braſs takes a gold colour — 349 
Spirit of nitre boils  _— | 242 


Water boils at a mean ſtate of the atmoſphere 212 


Freſh human urine boils — 206 
Brandy boils — 190 
Alcohol boils — 176 
One pound of water of 52, to +a pound of 
freſh chalk lime 182 


1 Oz. of water of 549, to + oz. of oil of vitriol 170 
Serum of blood and white of eggs harden 156 


Bees wax melts 145 
Greateſt heat of a bath which the hand can 

well bear 114 

Heat 
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. 5 Fabrenheit's Degrees. 
Heat of the Serocco wind at Palermo in Sicily 112 
Heat of an hen hatching eggs, from 2 to 108 
Heat of the ſkin in ducks, geeſe, hens, pid- 


geons, 103 to | 107 
Heat of the human ſkin 1n an ague fever 106 
Heat of the ſkin in dogs, cats, ſheep, and 

other quadrupeds, 100 to — 103 
Heat of the human ſkin in health Si 98 
Heat of a hive of bees meg 97 
Heat of the air in the ſhade in very hot weather 80 
Butter begins to melt — 74 
Temperate — fm 55 
Oil of olives begins to ſtiffen 8 43 


Water juſt freezing, or ice juſt melting — 32 


Milk freezes 30 
Urine and common vinegar freeze 28 
Good burgundy, claret, and madeira freeze 20 
One part of ſpirit of wine, with 3 of brandy, 

freezes | — 7 
A mixture of ſnow and ſalt — Q 
Mercury freezes — 39 


With reſpect to the formation of this table, 
ſee Jones's Phyſiological Diſquiſitions; where you 
may alſo find a method of examining the ſcale by 
comparing the articles one with another. * 

In the foregoing ſcale the heat of boiling wa- 
ter in vacuo is placed at 95; this however will 


depend on the perfection of the vacuum and other 


circumſtances. In the Rev. Mr. Jones's experi- 
ments, a heater was placed on the plate of the air- 


pump, and on this a light tin veſſel holding the 


8 4 water 


Mr, Wedge wood places ſome of theſe degrees much higher, 
but J muſt own I am not ſatisfied with the clay thermometer, 
and think there muſt be further and more ſatisfa&tory evidence 
adduced, before any one can agree with the degrees of heat des 
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waterand a therniometer: The ebullition in one 
experiment began to appear at 90 degrees, and az 
the bboiling increaſed, the thermometer role to 19; 
degrees, Where it ſtoad when the agitation waz 
moſt violent; the air was admitted during this agi. 
tation, and the thermometer immediately roſe 1 6 
degrees. In another experiment, ſome water heated 
to 130 degrees was placed on the heater, and this 
being covered with a receiver, the air was ex- 
| hauſted, on which the water boiled vehemently, but 
during the act of boiling, the heat ſubſided to 100, 


and at another to 94 degrees, but en «admiſſion of 


the air, the heat Preſently roſe to 1 30 mae and 
upwards. -— - 

£2. "Fheſe experiments prove, what has deen al. 
ready obſerved to you, how much the a#ion of fire 
depends-0n the reaction or preſſion of the incumbent 
air. When the air is withdrawn, the fire naturally 
aſcending, flows through the liquor in the veſlcl, as 
air would through a tube open at both ends. But 
if the farther end of this tube were cloſed, and the 
current of air ſtill to continue, it would be con- 
denſed- or accumulated within the cavity of the 
tube. Hence we may collect, that the ſun would 
heat the earth very inconſiderably, if it were not 
for the incumbent preſſure on it's ſurface, and that 


therefore it is impoſſible to calculate what the 


heat will be in bodies placed at different diſtances 
from the ſolar fire, unleſs we could how far alt 
acted upon them at the ſame time. 

The higher we aſcend, the leſs is the degree F 
heat, the atmoſphere 1s leſs ſuſceptible of heat as 
it is more rarified ; as the intenfity of fire will na- 
turally produce the greateſt heats, the lower parts 
of the . atmoſphere ought to be hotter than the 
higher, where fire is leſs preſſed, and has more 
room to dilate itſelf. 

It will be neceſſary, before we procced any 
. - farther, 
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farther, to make ſome obſervations on phyſical mea- 


ſures. Moſt of our philoſophical inſtruments are 


—_——— of effects. The progreſs made in natu- 

ral philoſophy increaſes every day by the number 
of theſe meaſures; by theſe it has reached it's 
preſent ſtate, and by'theſe it {till continues to be 
improved, In proportion as the different branches 
advance, our meters are multiplied. Inſtead of be- 
ing ſatisfied with perceiving, with conjecturing, 
with forming ſyſtems, upon what is improperly 
called the poſſible, but which is in reality the land 
of viſions; we now endeavaur to inveſtigate cauſes 
through their effects, by meaſuring theſe wherever 
nature gives us ſufficient hold. 

The firſt rays of this light, the Sol of true 
knowledge in philoſophy, were extremely weak. 
Philoſophers contented themſelves with having in- 
ſtruments which indicated the exiftence of certain 
cauſes that our organs could either not diſcover, or 
diſcovered very imperfeftly. Hence the modeſt 
names given to inſtruments by their firſt inventors, 
they called only baroſcopes, thermoſcopes, micro- 
ſcopes, the inſtruments which were intended to 
ſhew: the weight of the air, the dilatation of bo- 
dies by heat, the objects which eſcaped the naked 
eye. ; 
- Theſe names were too ſoon changed, and that 
of meaſures given to inſtruments that were not en- 


titled to the name. Philoſophers grow. every day 


more delicate with reſpe& to the requiſite quali- 
ties of their inſtruments ; the progreſs in perfecting 
theſe meaſures, is an effectual {ſtep towards the 
knowledge of nature. The improvements in the 
meaſures, not only lead us to a better knowledge 
of the immediate cauſes of the effects thus mea- 
ſured, but they aſſiſt us alſo in decompoſing com- 
plex effects. 


Indeed the greater part of phyſical inſtruments 
are 
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are intended only for the diſcovery of ſimultaneous 
cttects, by the knowledge of thoſe which are moſt 
evident. If we wiſh for an hygrometer, an elec. 
trometer, a photometer, it is not ſo much with a 
view of aſcertaining by their means, the abſolute 
or even relative quantities of moiſture, of the elec- 
tric fluid, or of light, as to connec the perceptible 
effects of moiſture, electricity, &c. on our meaſures, 
with other leſs evident effects intimately connected 
with, or dependent on them. 

The general problem of phyſical meaſures is 
complicated. The firſt object of theſe meaſures is 
to aſcertain the exiſtence and agency of a ſimple 
cauſe, and it's degrees of intenſity; this we can 
only arrrve at by it's action on other bodies, but in 
this action or effect many other cauſes are included. 
We cannot obſerve ſimple effetts ; and conſequently 
we cannot always conclude from /en/ible effects 

which are equal amongſt themſelves, that the de- 
grees are equal in the cauſe to which they are at- 
tributed. What for example do we uſe in general 
as meaſures of heat? The dilatations of various ſub- 
ftances. What are the meaſures by which we de- 
termine the weight of air? The height of the mer- 
cury inthe barometer. But the dilatation of bodies 
by heat, depends upon the nature of the ſubſtance, 
it's denſity, it's coheſion, the laws of it's progreſ- 
ſion by equal augmentations of heat, &c. The ef- 
fects of the weight of the air upon the mercury in 
the barometer, are modi fied by the different de- 
grees of heat in this fluid, by the nature of the va- 
cuum in which it is ſuſpended, by the attraction, 
by the friction, perhaps by the permeability* of glaſs, 
to ſome particles of that mixed fluid, to which we 
give the general name of air, or to other un- 
known 


* Mr, De Luc, Phil, Tran, 


NATURE AND ProPrRTIEs or FiRE, 267 


known cauſes : ſo difficult and complex is even the 
firſt ſtep of the ladder by which we endeavour to 
raiſe ourſelves to the knowledge of cauſes. 


Or FLUIDITY, &c. AS EXPLAINED BY LATENT HEAT. 


I have already obſerved to you, that all the 
ſubſtances in nature are either id, fluid, or in the 
form of expanſible fluids: that theſe different forms 
depend principally on the ſtate or combination of 
fire in them, has, I think, been ſufficiently proved 
by reaſon and experiment; but it will be rendered 
ſtillclearer, by a view of modern diſcoveries, which 
I ſhall now lay before you. 

_ Fluidity is an effect of fire, and takes place 


when the heat is carried to a certain height; and as 


bodies become fluid by the application of fire, ſo 
fluids preſerve their fluidity, by the fire they con- 
tain. 5 | | 

In fluidity, there is a conſiderable quantity of 
diſperſive, or expanſive matter introduced into the 
body, while the volume is not thereby increaſed. 
This introduced matter acts in another manner, ſo 


as to oppoſe the agency which cauſes ſolidity, or 


reſiſt the particular attachment of the parts. 
Liquifaction is a looſening the parts of bodies 
by a certain degree of heat, which parts are fixed 
and ſolid with a leſs degree. It is effected by in- 
troducing fire between the particles, which ſepa- 
rates them from each other, and. by it's activity 
gives them a free motion among themſelves. * 
Fire is reſident and active in all bodies, and at 
all times; but in order to render them liquid, it muſt 
act with greater or leſs force, according to the na- 


ture of the ſubſtance. We ſay of bodies naturally ; 


hard, when they become fluid, that they are melted ; 
and of bodies naturally fluid, when they become ſo- 
lid, that they are congealed, or frozen; the effects 

2 | are 


} 


* 
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are fimilar in each caſe, and you will be juſtified by 


philoſophy in conſidering all water as melted ice, 
and a pig of lead as a maſs of congealed metal. The 
fluidity of water is as real a fuſion, as that of any 
metals expoſed to the fire, differing only in this, 
that a greater quantity 1s neceſſary for one than the 
other. 

Liquifafion is a phenomenon, 1 en- 
tirely diſtindt from the expanſon or dilatation of a 
fluid already formed. This laſt circumſtance only 
_ occaſions a greater or leſs degree of tendency in 
the particles towards each other, and varies with 


every variation in the degrees of heat. Liquifac-- 


tion is occaſioned by a certain fixed degree. Li- 
quifaction is a real change of ſlate in the ſubſtance, 
the degrees of expanſion are only modifications of 
the fame ſtate. In expanſion, there is a regular in- 
creaſe or decreaſe of bulk according to the degrees 
of heat; whereas, in fluidity, the tranſition from a 
ſolid to a fluid, or vice ver/a, is ſudden; and above 
or below a certain degree of heat, a body always rc- 
mains ſolid or fluid. 

As nature is now conſtituted, natural a 
and their minuteſt parts, may be conſideredas floating 
in an ocean of what the poet calls indefaligable fire, 
an element which is moved with the ſame vigour 
now as 5000 years ago; and the bodies ſuſtained 
therein are hard or /of! „ folid or fluid, lax or fir, 
rare or denſe, expanded. or cont radted, according to 
the changes in the temperature of this element, 
which keeps up a conſtant ſyſtole and diaſtole, 
through the whole frame of nature. If this motion 
of fire were to ceaſe, univerſal rigidity and ſtagna- 
tion would enſue; all the qualities of the ancient 
ſchools, all the. a/!raions and repulſions of later 
philoſophers, would be buried in one common 
grave, and fixed with an impenatrable ſeal. 


4 Or 
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Or LATENT- Hear. 


It is impoſſible thoroughly to uridertinnd the 
metamorphoſis of ſolids into liquids, and of liquids 
into aeriform fluids, without a knowledge of the 
doctrine of /atent beat. Here you will learn that the 
ame fubſtance, according as it happens to be in 
any of thefe ſtates, not only poſſeſſes a different 
ſpecific heat, but modifies even in the act of paſ- 
ling from one to the other, the matter of fire in a 
very particular manner. 

o Dr. Black, the father of modern chemi- 
ſtry, we are indebted for this diſcovery, which I 
ſhall firſt explain in a fimple form, and then further 
illuſtrate it by the reaſoning and experiments which 
are attributed to Dr. Black. 

Let us ſuppoſe a piece of ice cooled until a 
thermometer placed therein ſtands at 209 below 
the freezing point, expoſe this ice to a conſtant 
emanation of fire, arriving by very equal degrees, 
the thermometer will rife very uniformly till it 
comes to the freezing point, and will there ſtop, al- 
though the igneous emanation cantinues the ſame, 
and ought apparently to continue railing the tem- 


perature. 
This current of fire, which arrives unden. 


ingly and by degrees at the i ice, has no longer any 
ſenſible effect on the thermometer, for as ſoon as 
the thermometer is thereby raiſed to the freezing 
point, the effect of the fire is limited, and it only 
exerts itſelf in making the ice change it's fates, by 
converting it into water; and during the whole of 


this transformation the thermometer remains ſta- 


tionary at 32 degrees, the freezing point. 
The fire in this caſe loſes, as it were, it's fa- 
culty of heating; yet the quantity employed, and 


Ka nach in us transformation, 1 18 fo confider- 
| Gf DON 
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able, that if the thermometer under the ſame cir. 
cumſtances, were placed in a ſimilar quantity of 
water inſtead of ice, it would have riſen near 120 
degrees. 

As ſoon as the fuſion is completed, if the 
ſame igneous emanation continues, the thermo- 
meter now actually in water, will be influenced by 
the fire as it arrives, and will riſe ſucceſſively; 
though ſomewhat ſlower than before, becauſe the 
ſpecific heat of water 1s a little greater than that 
of ice. 1 | 

The thermometer continues to; riſe till it ar. 
rives at the boiling point, and here again the ſame 
phenomena occur. Notwithſtanding the conti- 
nuation of the igneous emanation, the thermome- 
terremainsat 212 degrees, and the water now changes 
it tate. It is transformed into an elaſtic fluid, 
and the portion of fire, which, by it's momentary 
union with the water, effected it's change, loſes it's 
Ibermometric quality; and an exact equilibrium i Is 
eſtabliſhed between the affiux of additional fire, and 
it's efflux, by the converſion of water into an claſ- 
tic vapour. 

The fire thus modified has been lied latent. 
It is truly hidden or latent, but manifeſts itſelf 
again, and it's action is rendered evident, if you 
reverſe the changes; that is, if you convert the 
elaſtic fluid into a liquid, and the liquidi into a 
ſolid. 

Dr. Black was the firſt who ſhewed that 
fluidity, though depending upon fire, did not de- 
pend upon the quantity indicated by the thermo- 
meter, but upon the ation and combination of 
fire with the ſubſtance rendered fluid ; and the 
quantity thus abſorbed, he denominated latent heat, 
as being imperceptible to us, but ready to im- 
merge on proper occaſions and aſſume a ſenſible 
foxgm. By /en/ible heat, he means the fire 1 

=: 0 
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ſo far in a fluctuating ſtate, that if you apply any 
ſubſtance which contains an exceſs of it, to a cooler 
one, it quits the hotter, and flies to the cooker ſub- 
ſtance, ſo as to reſtore an equilibrium. You know 
very well, that as long as a body continues ſolid, if 
the heat thereof be increaſed, it is always per- 
ceptible by the thermometer. But if you ſuppoſe 
a body heated as much as it can bear, and ſtill con- 
tinue ſolid, then every degree of fire thrown in af- 
terwards is abſorbed and becomes latent, or is put 
into ſuch a ſtate as cannot be diſcovered by the 
thermometer, but goes to make the body fluid, and 
as ſoon as a ſufficient quantity is abſorbed to make 
every part fluid 1t will admit of, and manifeſt a 
ſenſible inc reaſe of heat. It was alſo obſerved by 
Dr. Black, that bodies are not diſpoſed to abſorb 
this latent heat, until they arrive at their melting 
point, nor fluids to part with it until cooled to a 
certain degree. If after this, they are placed ſtill 
nearer cooler bodies, this latent fire continues im- 
merging, and the body becomes ſtill more ſolid; 
when the whole is entirely extracted, the body 
freezes. Hence when the latent fire is extracted, 
the body is of the ſame temperature with the ſur- 
rounding medium. 

This luminous doctrine Dr. Black fupported 
by a reference to phenomena, and by well deſigned 
experiments. It is confirmed by conſidering the 
ſlowneſs with which ice and ſnow melts, when a 
thaw comes on, and when the heat is far above the 
degree of froſt ; for the ice is conſtantly ſurrounded 
with air warmer than itſelf, and receiving heat 
irom it, yet it will be weeks in diffolving. If no- 
thing more was neceſſary to produce fluidity than 
the fire indicated by the thermometer, we might 
reaſonably expect that after it begins to melt, one 
or two days would be ſufficient to melt the whole. 
But, as it is ſo long diſſolving; and it's hear is not 

bY os increaſed 
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increaſed above the freezing point, nor the water 
that runs from it above 32 or 33 degrecs, it is 
plain, that the heat or fire to which it is expoſed 
muſt be abſorbed and become latent. It is to this 
cauſe you muſt attribute the preſervation of ice in 
ice-houſes, and that large maſſes of ice and ſnow 
remain at the tops of mountains, where heat is con- 
fiderably above the freezing point. 

Dr. Black's experiments will, I think, con- 
vince you, that the fluidity of water mutt be attri- 


buted to anabſorption of fire. To prove this, he 


endeavoured to determine the heat abſorbed by ice 
during it's /iquifat7ion: this he obtained by obſery- 
ing the quantity of heat which was communicated 
by a maſs of ice during it's fuſion by the tempera- 
ture of the air alone; and then inverſely, by diſco- 
vering the quantity of heat, a maſs of ice took from 
a quantity of water, by mixing known quantities of 
ice of a given temperature, and water of a given 
heat together. Thus he took two Florence faſles of 
equal ſhape, ſize, and weight, cutting off their necks 
and part of their bulbs, that he might be able to 
introduce a thermometer. In one he put 5 O. of 


ice, in the other the ſame quantity of melted ſnow, 


nearly of the ſame temperature with the ice. Thoſe 
flaſks were ſuſpended by wires in the middle of a 
large room, to which nobody had acceſs but him- 
ſelf, and whoſe temperature was 47 degrees by a 
very ſenſible thermometer, whichaſſumedrhetempe- 
rature in half a minute; he found that in half an hour 
the mercury in the latter had riſen 6 or 7 degrees, 
only a ſmall quantity of ice was melted, and though 
it had received near 7 degrees of heat, yet it conti- 
nued at the freezing point. The flaſks: were left 
all night; on returning in the morning, at about 
10 hours and a half from the commencement of 


the experiment, he found a piece of ice undiſſolved 


Che $3 - , a> 


Py wu wy Fo, wy — -—— 1 


1 S (ye wn 


VS 


wh. 


NATURE AND Prorxxrizs or Fin. 273 


as big as a nut in the middle of the ſurrounding f 


water, which, by the thermometer, was 8 degrees 


above the freezing point. 5 

From this we may calculate the deatee of heat. 
the ice muſt have received before it melted, (re- 
membering that the air was at 47 degrees, ) obſerv⸗ 
ing that the ice .muſt have been nee heat 
gradually. 557 

At the * of 10 nin and an half the thawed 
ice was juſt at the temperature at which the melted 
ſnow was at the end of half an hour; the melted 
ice muſt therefore have received 7 degrees every 
half hour, ſo that in 10 hours and an half it muſt 
have received juft 147 degrees. That the flaſk 
was continually” receiving fire from the air, was 
confirmed by a cold ftream being perceived from 
the bottom of the flaſk ; this was the air which had 
been applied to the flaſk, and had imparted it's 
fire to it, and, being cooler and denſer, prepon- 
erated. This ſhews that the ice was continually. 
receiving. fire, though not ſenſible or manifeſted 
by the thermometer, and muſt therefore be com- 
bined therewith and become latent fire. 

The doctor having before found chat 2 
mixture of hot and cold water produced an 
aithmetical mean between them, he took a 


determinate quantity of ice, and put it into a Flo- 


rence flaſk, and threw exactly the ſame quantity of 
boiling water upon it, which melted the ice in- 
ſtantly, and all at once, | proving thereby, that 
there is no difficulty of ſeparating the particles of 
ice, if a ſufficient quantity of heat be applied. 
but, upon examining the temperature of the mix- 
ture, it was found much lower than if cold water 
about the freezing point had been uſed inſtead of 
ice; and that it loſt the ſame quantity of heat, 
147 degrees, which the ice in the former expe- 
riment required to render it fluid; for in this it fell 
Vol. I. T 6s de- 
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68 degrees below the mean the ice abſorbing ſo 
much fire from the boiling water, that the mix. 


ture did not point to the mean as it would have 


done if cold water had been uſed inſtead of ice, 
but to that point which ſhewed that the ice, in 


order to become fluid, muſt be combined: with ſo 


much fire as would; if liberated, raiſe the ther- 


mometer 147 degrees. Theſe two experiments 


differ only in this, that one was made with warm 
air, the other with: warm. water. Again; if a 
pound of water at 32: degrees. be mixed with. an 
equal: quantity of that fluid at 172 degrees, the tem- 
perature of the mixture will be. 102 degrees, the 
arithmetical mean. between the warm. water and 
the cold. But if a pound: of ice at 32 degrees be 
mixed with a pound: of water at 172 degrees, the 

temperature of the mixture will be 32 degrees. 
It appears clearly from this experiment, that 
ice and water both being at 32 degrees, are ver) 
differently affected by fire; for, in. the firſt. of the 
two foregoing experiments, a. quantity of fire 
which raiſed: the thermometer, 70 degrees, paſſed 
from the warm into the cold water, and: the tem- 
| urs of this was increaſed 70 degrees. In the 
experiment, a quantity which raiſed: the ther- 
mometer 140 degrees paſſed from the warm water 
into the ice, in conſequence of which. the ice was 
melted, but it's ſenſible heat was not increaſed, the 
temperature of the mixture being 32: ſo that in 
the proceſs. of liqui faction, or melting the ice, 140 
degrees of the heat are abſorbed, not producing an 
effect upon the thermometer. Theſe experiments, 
and the deductions from them, are further con- 
firmed by ſhew ing that a quantity of heat emerges 
from water when it paſſes from à fluid to a ſolid 

ſtate, which can only: ariſe from the latent fire. 
If you expoſe water to freeze, putting a ther- 
mometer into it, the water being 20 degrees 
| 2 | warmcek 


water, theſe were cooled below the pb aps, pan 
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warmer thar the air, it will loſe a great many de- 
grees during the firſt five minutes, leſs the next, 
and fo on; in half an hour, if the air be below the 
freezing point, it will have attained the tempe= 
rature of the air, and you would ſuppoſe that in 
2 or 3 minutes all of it would freeze, which would 
be the caſe if it depended on a diminution of ther- 
mometric fire; but it is not the caſe, for you will 
find at firſt a ſmall part of it freezing, and gradually 
increaſing in the congelation: during this time the 
water will continue at 32 degrees, which is per- 
haps one or two degrees above the temperature of 
the air to which it may be expoſed. Now as a 
colder body, if it be applied to a warmer one, will 
ſoon become of the ſame temperature with the air 
to which it is expoſed; we can only attribute tlie 
water not becoming of the ſame temperature with 
the air to which it is expoſed; to the latent fire 
emerging and manifeſting itſelf as ſoon as any 
particle of the water freezes; and as ſoon as this is 
all exhauſted, the maſs becomes ſolid; and of the 
ſame temperature with the air. | 


; * „ 


I water be at reſt, it may be cooled 7, 8, 9 
or 10 degrees below the freezing point without 
being congealed; but if touched with a bit of ice, 
the end of a wire, or if the veſſel be apitated; the 
congelation pervades it like a flaſn of lightning. 
Mr. Mairan expoſed ſmall drinking glaſſes full of 


and yet would, if left undiſturbed; remain ſo, bui 
upon being agitated froze immediately. If a ther- 
mometer were put into the water during the 
freezing, the moment it was frozen; it 70. 1p to 
the congealing point, a quantity of latent fire 
emerging from the water. Here you ſee a quantity 


of lazent fire emerging ſuddenly, and the experi- 


ment ſhews that this does not altogether depend on 
the diminution of ſenſible heat, ſinde we find the 
| | "K% Water 
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water retains it's fluidity, . though cooled 7 or $ 
rees below the freezing point. - | 
The fire abſorbed by the water. when it ac- 
quires flutdity,' is again ſeparated by congelation. 
If a pound of water at 32 degrees be mixed with 
an equal quantity of ice at 2 degrees, nearly one 
fifth of the water will be frozen, and the tempe- 
rature of the mixture will be 32: it is therefore 
plain that by the congelation of nearly one fifth of 
a pound of water, 4 ſufficient quantity of fire was 
extricated to. raiſe a pound of ice 3O degrees, and by 
calculation, you will find. that the heat which is 
extricated by the congelation of water, 1s preciſely 
qual to that which is abſorbed by the melting ice. 
The heat extricated in the freezing of water, 
ſhews why that fluid, when it is expoſed to a de- 
gree of cold lower than 32 degrees, and is at the 
ſame time gently agitated by the wind, : ceaſes to 
cool as ſoon as it arrives at the freezing point, the 
temperature thereof continuing ſtationary until the 
whole is congealed; it being well known that 32 
degrees i is the point at which water in a gentle ſtate 
of agitation. becomes ſolid. When therefore it is 
reduced to that point, it begins to freeze, and 
part with it's fire; and as the extrication of fire in 
this inſtance depends upon the congelation, it is 
| clear that the quantity of fire extricated will be in 
proportion to the quantity of water congealed. 
ä In other words, if when melted it is al- 
lowed. to cool ſlowly with a thermometer immerſed 
in it, you will find that as long as it continues 
fluid, the ſenſible heat diminiſhes very faſt, but as 
| Joon, as it begins to grow ſolid, the ſenſible heat 
continues greater than that of the air to which it 
i expoſed; and during all this time it is com- 
municating heat to the air, without having it's 
ſenſible heat diminiſhed: the latent fire within the 
; a1 gradually manifeſts itſelf, and by keeping 
up 
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up the temperature, Proves a Gone of ſenſible heat 


which is communicated to the neighbouring! bodies 
and ſurrounding air. 

Dr. Irvine has ſhewn, that when ſpermaceti 
and wax are melted they contain this latent fire; 
for by heating them much above their point of 
fluidity, he found they loſt their heat very ſoon, till 
ſome parts became ſolid ; after this they continued 
of exactly the ſame temperature till the whole be- 
came ſolid, though expoſed all the while to cold 
air; but when all became ſolid, they cooled as they 
did at firſt, Spermaceti abſorbed from 14.1 to 148 


degrees to become fluid, wax 175. He put a cer- 


tain quantity of melted tin into water, and an 
equal quantity of tin heated to the ſame degree, but 
not fluid, into a like quantity of water, and the 
water was heated moſt by the melted oy the la- 
tent fire emerging therefrom. 

If the nitrous acid be mixed with ice or ſnow, 


there will be a ſudden liquifaction. Mixtures in 


general promote liquifaction, and in this inſtance 
a moſt intenſe cold is produced, which is eaſily ex- 
plained on the foregoing principles: if you liquify 


ice, you muſt throw in a prodigious quantity of fire, 


which immediately becomes latent in the liquid, 
and is not diſcoverable by a thermometer. By 
producing a ſudden liquifaction of ice, the cold is 
ſo great, that all the neighbouring bodies muſt 
communicate of their fire to ſupply that which is 
to become latent by the liquifaction, and thus ge- 
nerate the cold we peicewv e. 


The principle of latent fire 2 alſo the 


curious phenomena of artificial cold, produced in 
the mixture of ſnow, water, and ſalt, as every 
body which paſſes from the ſolid to the liquid ſtate 
abſorbs a quantity of fire which does not affect the 
thermometer; hence cold is produced in the diſ- 
TIN of all the chryſtalized ſalts. The fire being 
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combined with the particles to keep the mixture 
fluid, and being only exerted thereon, the mixtule 
becomes ſenfibly colder. „ 
Upon theſe principles you may account for the 
large quantities of ice which remain on the ſurface 
of the earth ſome days after a thaw has commenced; 
for though each piece of ice is affected by the 
warmth of the atmoſphere, and the influence of 
the ſun, it cannot be immediately melted thereby, 
the ice abſorbing gradually all the fire commu- 
nicated to it, till it has received ſufficient to 
maintain itſelf in the form of water. In the ſame 
manner you ſee why the ice in ice-houſes is not 
melted, which it would be, if all the fire which it 
received acted upon it to raiſe the temperature; 
which it does not do, being abſorbed, to contri- 
bute to it's exiſtence as water, and loſing there- 
fore it's diffuſive action. 
| Dr. Crawford ſhews us, that by the laws of 
abſorption and extrication of fire, Divine Providence 
has wiſely guarded againſt very ſudden viciſſitudes 
of heat and cold upon the ſurface of the earth. 
Poor if fire were not extricated by the proceſs 
of congelation, all the. waters which were expoſed 
to the influence of the external air, when it's tem- 
. perature was reduced below 32 degrees, would 
Pan become ſolid; and at the moment of con- 
gelation, the progreſs of cooling would be as rapid 
as it was before the air arrived at that point. 
hut as ſoon as the atmoſphere is cooled below 
32 degrees, water begins to freeze, and at the ſame 
time to give out the fire combined with it; and 
conſequently whatever may be the degree of cold 
in the external air, the freezing maſs remains at 
32 degrees, until the whole is extricated and con- 
gealed; and as the quantity of fire that is liberated 
in the freezing of water is conſiderable, the progrels 
of congelation in large maſſes is very flow. 1 
| | | ence 


Siam that water in his country would ſometimes in 
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Hence in the northern and ſouthern regions, 
upon the approach of winter, a quantity of fire is 
extricated from the waters proportional to the 
degree of cold that prevails in the atmoſphere ; 
thus the ſeverity of the froſt is nitigated, and it's 
progreſs retarded. And it is highly probable, that 
i the retardation of the cooling proceſs, the 
various tribes of animals and vegetables, which 
inhabit the circum-polar regions, acquire the 
power of reſiſting it's influence, 

On the other hand, if on the melting of ice a 
quantity of fire was not abſorbed and rendered lefs 
active, that ſubſtance, when expoſed to a medium 
warmer than 32 degrees, would ſpeedily become 


fluid, and the progreſs of heating would be as rapid 


25 if no alteration in the form had taken place, If 
things were thus conſtituted, the vaſt maſſes of ice 
and Inow, which are collected in the frigid zones, 
would, upon the approach of ſummer, ſuddenly 


diſſolve, and the regions near the poles would be 


atnually overflowed by violent inundations. 


But by the operation of this law of the ab- 
ſorption of fire; when the ice and ſnow upon the 


return of ſpring have arrived at 32 degrees, they 


begin to melt, and at the ſame time to imbibe 


fire, which by being combined with the- water 
does not act externally ; ſo that the earth is flowly 
heated, and thoſe gradual changes are produced 
which are effential to the preſervation of the ani- 
mal and vegetable kingdoms. - 1 

The mind of than admits with reluctance the 


truth of every teſtimony concerning matters of 

fact, which happen to be repugnant to the uniform 
experience of his ſenſes ; hence the general back- 
wardneſs to believe the miracles in the Bible: and 


hence the Dutchman, who informed the king of 


cold weather be ſo hard, that men walked upon it, 
14 and 
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and that it would bear an elephant, was eſteemed 
a perſon unworthy of credit. Hitherto, ſays the 
king, I have believed the ſtrange things you told 
me, becauſe I looked upon you as a ſober man, but 
now I am ſure you lie. | 
Mahine, the native of Borabora, could ſcarce. 
ly be perſuaded even by the information of his 
ſenſes, of the reality of the ſame effect. The ap. 
pearances of white ſtones, as he called hail, which 
melted in his hand, was altogether miraculous to 
him; and when he had been, with difficulty, con- 
vinced that an extenſive field of ice was not com- 
mon land, he was determined, at all events, to call 
it white land to diſtinguiſh it from the reſt.* 
| This determination of the ſavage was made in 
the true ſpirit of philoſophy, for ice in ſmall par- 
ticles is a ſpecies of earth, and in ſolid maſſes it 
may be conſidered as A wars of tranſparent ſtone, 
The waters, ſays Job, ſpeaking of the effect of 
froſt, are, hid as with a jp that 1s, water, when 
it becomes ice, conceals it's nature by aſſuming a 
Rone-like hardneſs and conſiſtence. The Ruſſians 
applied ice to the ſame purpoſes with ſtone, at the 
marriage of Prince Gallitzin, in 1739 ; an houſe, 
conſiſting of two apartments, was built with large 
blockeof 
to the nuptial bed, was made of ice; and the icy 
cannon and mortars, which were fired in honour of 
the day, performed their office more than once 
without puritng. -:/:; 
| Having already told you that I conſider reli 
gion as the firmeſt and only ſupport of the happinefs 
.of man, you cannot be ſurprized that I take every 
opportunity to fix your attention upon objects that 
lead you to it's AUTHOR, and conſequently the con- 
_fiqeration of final cauſes is continually interwoven 
With theſe Leckures. LN 
1 he 


* Wafon's Chemiſtry. 


ce; the furniture of the apartments, even 


la 
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Ihe arguments for the being and providence 
of the Deity, deduced from the clear marks and 
ſignatures of wiſdom, power, and goodneſs in the 
conſtitution and government of the world, will 
gather ſtrength as your knowledge advances. 


When you attend to the marks of good contrivance, 


which appear in the works of God, every diſcovery 
ou make in the conſtitution of the material and 
intellectual ſyſtem becomes a hymn of praiſe to the 
great Creator and Governor of the world. | 
Though no man ever called in queſtion the 
principle of final cauſes, when applied to the ac- 
tions and diſcourſes of men; for this would have 
been to deny that we have any means of diſcerning 
a wiſe man from an idiot, or a man that is illiterate 
in the higheſt degree, from a man of knowledge 
or learning ; yet in all ages there have been thoſe 
who, being unfriendly to religion, have denied the 
force of the proof: but you may depend upon it, 
that none will reaſon ſo abſurdly, but the ph:lo/o- 
hers of vanity, in whom the affettation of wiſdom 
juns the extremity of folly. | 


Fix upon two or three ſubjects which are clear 
beyond diſpute, as that the eye does not ſee by ac- 


cident, but was contrived for ſeeing, &c. and you 
anſwer all the atheiſts that ever were or will be; for 
you prove, by a ſingle ſtep of reaſoning, that there 


is a Diving MIND or W1spoM that hath wrought 
with a view to certain ends, which it hath attained 
in the moſt perfect manner. | 


Leaving theſe men, let me introduce you to a 
philoſopher ef a neighbouring nation, who to 


Joundneſs of judgment, joins ſtrength of genius. 
Let us hear him ſpeak on this intereſting ſubject. 


I love, ſays he, to enumerate in my mind the im- 


preſſions that I every where find of a beneficent 


hand; 


* M. De Luc's Lettres Phyſiques et Morales ſur 'Hiſtoire de 
Ja Terre, p. 109. | 


— 


| hand; I am ignorant how it formed the world, but 


each moment of attention on the phenomena of na- 
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I do not make my happineſs conſiſt, in ſatisfying 
curiolity about an object evidently ſurpaſſing the 
reach of human ability. I love to feel, that J am 
not left to be the ſport of blind cauſes, without re- 
fource againſt the fear of evil, without any cer. 
tainty of the duration of good. | | 
The immediate and durable conſequence of 


ture, is infinitely more delightful ro my mind, 
than that which I receive by the ſolution of a phy- 
fical problem. It is a pleaſure that penetrates to 
the intimate eſſence of the ſoul; it is a kind of de. 


licate love, or rather it is the ſupreme degree there. 
of, being excited by the contemplation of that 


Being who is coopNess and BEAUTY, and which tak- 
ing poſſeſſion of the heart, fills it with gratitude, 
admiration, and hope, —Let us accompany this phi- 
Ioſopher in his meditations, on a ſubject whichhas 
already made part of this Lecture. I had made, 
fays he, the thermometer my particular ftudy, and 


in the courſe thereof, I endeavoured among the 
Aids in w/e, to find one whoſe dilatations are the 


moſt Proportional to the augmentation of heat which 
eccafions them. | 
This queſtion would not have occurred, if the 
dilatation of each fluid, though different in quan- 
tity, had been proportional in it's progreſs. This 


was found clearly not to be the caſe, by compar- 
ing the march of a /p:rit thermometer with one of 


guickſlver. The compariſon ſhewed that their 


march was ſo different, that they could not be 
made to correſpond together, otherwiſe than by 


making the degrees of the one unequal, while thoſe 
of the other were equal. They muſt go in an in- 


_ creaſing progreſſion, beginning at the bottom and 


procecding to the top of the ſpirit of wine thermo- 
| + | 94s _ mnetch 
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meter, but from the top to the bottom of that of 
quickſilver. ED 5 . | 
As there was a different march in their pro- 
oreſfion with the ſame augmentation of heat, it was 
clear, that one or the other was not proportional 
to the augmentation of heat. From hence a doubt 
originated, whether there was any fluid which di- 
lated in proportion to the degrees of heat. In a 
courſe of experiments, to aſcertain this point, by 
comparing the march of different fluids with that 
of mercury, I was ſtruck, ſays our author, with the 
diſproportion between the progreſſion of water and 
that of other fluids. If you divide into 800 equal 
parts, the augmentation in the bulk of water and 
mercury in paſſing from the freezing to the boiling 
point, and if you compare the correſponding de- 
grees of this augmentation in each fluid, you will 
find, chat from the heat of melting ice to the 
greateſt degree of heat which reigns on the ſurface 
of the earth, when vegetation commences, (which 
| ſuppoſe 10 degrees of a thermometer divided in- 
to do parts) the mercury undergoes 100 of theſe 
800 parts, and the water only 2. That from this 
point, to that which reigns only in ſummer, (that 
I ſuppoſe to be 25 degrees) the mercury dilated it- 
ſelf 150 of the 800 parts, water only 71; ſo that 
in the great heats of ſummer mercury has acquired 
250 of it's 800/parts of augmentation, water only 
73- Thus water does not aſſume in it's dilatations, 
degrees proportional to the augmentation of heat, 
the firſt degrees being very ſmall when compared 
to Fecht.“ dd Nt 37 1 — 
his was, without doubt, a very intereſting. 
phenomenon. Having reflected upon the cauſe, 
iramed an hy potheſis, and endeavoured to verify it 
by an experiment which ſucceeded, I received, I 
believe, as much pleaſure, as phy/ical ſpeculation 
can give. I have publiſhed the hiſtory of this re- 
4 _ ſearch, 


; 
' 
| 
- 
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with the utmoſt delight. 
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ſearch, but of the pleaſure J received, I have only 


a feeble remembrance. 


Having, however, one day conſidered, that 
water 1s the fluid the moſt generally diffuſed in our 
globe, that all ſubſtances contain 1t, that it is the 
vehicle of all vegetable and animal nouriſhment, 


that it is included in all the veſſels that convey their 
food; that in all theſe reſpects, if it had been 


turbulent fluid, rapid in theſe lower dilatation, 
the whole conſtitution of things would have been 
overturned : when this occurred, my mind was 


filled with admiration, I felt myſelf in poſſeſſion of 


a real treaſure,.and I never think on the ſubject but 
Do not then ſuffer yourſelves to be deprived of 
theſe delights; the fearch after truth can only be 
falutary to you, when conſidered as proceeding from 
a firſt intelligent and beneficent cauſe : without this 
as an object of purſuit, ſhe loſes her moſt ſtriking 
beauties, all that can intereſt curioſity, or animate 
inveſtigation. | | | | 
When you conſider the proceſſes in nature, 
from the moſt obvious effects to their moſt remote 
cauſes, ſo far as they fall within the ſcope of our 
comprehenſion, you find them one produced from 
the other in the moſt wonderful and regular ſuc- 
ceſſion; that which appears the cauſe of one thing 
being the effect of another, and the whole togetherand 
each individual dependent in themſelves, incapableot 
producing any thing except as acted upon by others; 
all ſpeaking he ſame language; AN INCAPACITY, 
an ABSOLUTE INABILITY in themſelves of doing ot 
cauſing any thing, and pointing you to a caule, 
diſtinct from all, an intelligent, active, powerful 


Being, who employs them for wiſe and graciou 


purpoſes. 


Thus, a little attention to the nature of reli- 
gion, will ſoon convince you, that infidelity and 
| | | irre- 


'NaTuRE anD PROPERTIES or FR. 285 


jrreligion afford very few topics, on which a reflect- 
ing mind can dwell with pleaſure, even for a mo- 
ment. You will find that infidels have not oze 
argument on their ſide. For with all their pre- 
tences to reaſon and wiſdom, they can no more 
ſhew you, that you are not immortal, than they 
can ſhew you what was doing before the creation of 
the world. In ſuppoſing that the whole of your 
exiſtence ends with your body, they are as well ſup- 
ported, as they would be, in ſuppoſing that there 
are no beings but what are viſible to your eyes. In 
ſuppoſing that man will never be called to an ac- 
count, they have no more reaſon, than you can have 
for ſuppoſing that there will be nothing a thouſand 
years hence. : | 
Yet theſe are the frong foundations of infidelity 
and prophaneneſs ; theſe the ſolid principles of our 
foi-aiſant philoſophers and their deluded followers. 
If you inquire the characters of the moſt noted 
infidels, you will find them to have been men who 
exceeded their fellow creatures in nothing but ar- 
rogance and preſumption, and that infidelity in ge- 
neral is founded on an Implicit faith in the writings 
and opinions of men of wanton and ſenſual minds. 
Yet theſe are the men who call our faith mean, and 
ſubmiſſion to revelation ſlavery, though yielded 
only to the higheſt evidence on matters of the 
greateſt moment. 1 a 
Theſe men are very forward to tell you pre- 
ciſely what God can or cannot do; he cannot work 
a miracle, cannot give a revelation, cannot guide 
the motions of a tree agent, nor make ſuch a one 


impeccable, nor annex rewards to an aſſent of the 


mind, nor, &c. &c. For all theſe are contrary to 
the nature of things. If you aſk what things they 
mean, or what by the nature of them, they will 
not vouchſafe, or rather cannot give an explanation, 
but are angry with you as a captious perſon for put= 
ung the queſtion, They ſtill, however, go on to 

1 | lay 


1 
3 
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laya mighty ſtreſs upon theſe words; without having 


any clear or ſettled idea of their import. Theſe men 
are ſevere upon others for uſing expreſſions they do 
not underſtand. But believe me, you will con- 
ftantly find them pretending to build demonſtra- 
tions upon principles, whereof they have no clearer 
nor more adequate ideas, than the vulgar, whom 
they affect to ridicule, have of their myſteries; and 
you will find them always endeavouring to make q 
conſtant repetition of: paſiti ve aſſertions, paſs for proof 
and explanation. | 5 
They wiſh to he conſidered as unbelievers, but 


on examination you will find them men of the mot | 


reſigned and implicit faith. The creed of the in- 


fidel has as many articles as that of the chriſtian, 


and the belief thereof requires a much greater ſuſ- 
penſion of your reaſon. If to believe things upon 
no authority, or without any reaſon, be a ſign or 
mark of credulity; of all men, the free-thinker 
and infidel will be found to be the moſt eaſy and 
credulous. The difference between tite chriſtian 
and the deiſt, does not confiſt in this, that the one 
afſents to things unknown, and the other does not; 


but in this, that the chriſtian aſſents to things un- 


known, on the account of evidence; the otheraflents 
to things unknown, without any evidence at all. 
RELIGION requires a /erious and w/e uſe of 


your reaſon, and can only recommend itſelf to you 
when you are in a diſpoſition to reaſon and think 


ſoberly, and conſider it as the moſt ſerious, 1mpor- 
tant, and ſacred ſubject in the world. It is not the 
deiſt's buſineſs to reaſon ſoberly, and conſider the 
weight and moment of things with exactneſs: idle 
ſtories, rude jeſts, and lewd inuendoes ſerve the pur- 
poſe of infidelity, much better than any arguments 
it has yet diſeovered. They not only confuſe and 
diſtract the mind, but they alſo gratify N 

N | tue 
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the attention of immoral men, by affording them 


what they deem an eaſy confutation of religion. 

The objections of infidels are weak, and can 
have little force but upon depraved minds, or on 
thoſe whoſe underſtandings are naturally weak, or 
made ſo by an implicit reſignation of their facul- 
ties, to writings. which can neither improve your 
mind, purify your heart, exalt your virtue, or in- 
creaſe your wiſſlo m. 


To doubt cautiouſly, till you have examined 
fully, and retain your aſſent till you have ſeen clear- 
ly; are proofs of reaſon and force of mind. But t 
doubt without any reafon of doubting, is as great 
a defect as to believe without any reaſon of believ- 
ing. Both extremes proceed; from an. exceſs of 
imagination, which diſordering the intellectual eye, 
deludes the credulous:o /ee what's: not, and blinds 
the infidel; ſo that he does not /ee what is. There is 
àa fundamental maxim cloſely. connected with theſe 
obſervations, and that cannot be too ſtrongly incul- 
cated on your minds; for want of attention thereto, 
weak reaſoners have impoſed upon themſelves, 
and deluded others. Many things may be incompre- 
benſible and yet demonſtrable; and though ſceingcleaniy 
be. ſufficient reaſon: for affirming, yet not ſeeing. at 
albcan never be a.reaſon.for denying. We ſee many 
things. re be, but we cannot conceive: how. they 
are. We ſee the connection between ſome truths; 
but not between, all; we ſee a part, but not the 
whole; we ſee ſome attributes and modes of things; 
but we do not ſee their intimate eſſence. Nature 
abounds in myſteries, of which we may have a 
certain knowledge, but no clear conception; ſome 
are too large ſor imagination to graſp, ſome too 
minute for it to diſcern, others too obſcure to be 
ſeen diſtinctly, and others, though plainly diſcerna- 
ble in themſelves, yet remain inexplicable in the 
manner of production, or appear incompatible with 


one another. | 
. LECTURE 


| 
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80 great is the power, ſo extenſive the action, 
and fo wonderful the manner wherein fire 
acts, that it was anciently held and adored as the 
ſupreme God by a nation reputed the wiſeſt of all 
others. Thus ſome of the chemiſts having found 
it's extraordinary force, took it for an uncreated 
being, and many among them attributing all the 
knowledge they had acquired to this inſtrument, 
called themſelves the philoſophers. of fire, thinking 
they could not be dignified by a higher title. 

The phenomena of fire are ſo ſingular, 
and it's effects are ſo aſtoniſhing, as not cafily 


to admit a compariſon with other appearances in | 


nature; and if ever underſtood, it will be by means 
of experimental inveſtigation. Of this you will 
have a proof in the next ſubject of our diſcourſe, 
which is on evaporation. 


Heat and cold, ſays Lord Bacon, are the very. 


bands of nature with which ſhe chiefly worketh, 
the one contracting, the other expanding bodies, ſo 
as to maintain an oſcillatory motion in all their. 
parts. So ſerviceable are theſe changes, that they 
are promoted every year, every day, every hour, 
every moment; all things co-operating to this 


work, night and day, light and darkneſs, ' ſummer : 


. 


and winter. % 0 20407 40 

That a ſmall increaſe of heat expands air, and 
that it is hence in continual motion, will be proved 
by this ſimple inſtrument, which at the ſame time 
gives you ocular demonſtration of the uninterm:- 
ting agency of fire on air, by ſhewing you that this 
fluid is never at reſt, but inceſſantly vibrating. 


The 
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The inſtrument is nothing more than a Flo- 
rence flaſk, containing about 2 ounces of ſpirit of 
wine, furniſhed with a tube 4 or 5 feet long, of a 
ſmall bore; the lower end of the tube is dipped 
below the ſurface of the liquor, but not ſo as to 
touch the bottom ; a graduated ſcale 1s annexed to 
the tube. The juncture of the neck is made air- 
tight by a collar of metal and hard cement. The 
quantity of air being ſo large, and the tube ſo ſmall 
and long, you have a curious thermometer, which 
if expoſed at an open window will never be at reſt, 
hewing you that the temperature of heat is conti- 
mally changing with every breath of air and paſ- 
ſing cloud. 3 ITED 


Or EVAPORATION. 7 


ly According as the texture and denſity of fluids 
in vary, the paſſage of fire through them is more or 
ns eis retarded: hence as fire, in eſcaping, carries 
ill off a portion of the fluid with it, ſome fluids are 
c, wore diſpoſed to evaporate, or fly off in vapour, 
than others; thoſe are called volatile, whoſe par- 
y WW ficles fly off with a {mall degree of heat. 185 
h, This general effect of fire cannot have eſcaped 
ſo jour notice, as it is obſervable in the moſt com- 
jr. non occurrences of life. You continually ſee wa- 
er ter going off in the form of vapour from a tea- pot, 
r, a tea-kettle, &c. If you put a ſmall quantity of 
11s Vater into a tea-kettle, and place it on the fire, it 
er ill diſappear in a ſhort time, having eſcaped in 
the form of vapour. This vapour or fteam will, 
1d pon the addition of more heat, if it be not al- 
ed Wh oved. it's proper range, expand with ſuch force as 
ne o burſt the veſſel in which it is confined. 1 
1 If the ſteam of boiling water be at liberty, the 
us Vater neverattains morethan acertaindegree of heat; 
but if it be confined in a cloſe veſſel, the additional 
he re not eſcaping, the elaſticity of the ſteam is in- 
. We f creaſed, 


—— 
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creaſed, it re- acts upon the water, raiſes the 
heat ſo much higher, that it may be made to kee 
lead in fuſion, and ſo penetrating, that it will ſoften 
in a few minutes the marrow-bone of an ox. 
Ihe inſtrument contrived for the foregoing 
purpoſes, (fig. 6, pl. 5,) is called Papin's digeſter, 
from the name of it's inventor, and from it's pene- 
trating and diſſolving the ſubſtances that are ex. 
poſed to it's action. It is a ſtrong veſſel uſually 
made of copper, and fitted with a thick cloſe 
cover, which is faſtened down by ſeveral ſcreys, 
ſo as to be ſteam-tight in great degrees of heat. 
To render it fafe, when uſed, there is on the cover 
a valve to let out the ſteam when too violent; this 
valve is kept down by a ſteelyard, and a weight 


moveable upon it, to reguiate the degrees of 


Nrength of the ſteam within. 

The following account of an accident with 
one of theſe inſtruments, wilt give you ſome idea 
of the force of ſteam: Mr. Papin having fixed all 
thingsright, andincluded about a pint of waterwith 
two ounces of a marrow bone; he placed the veſſel 
| horizontally between the bars of the grate, about 
half way into the fire; in three minutes he found 
it raiſed to a great heat, and perceiving the heat in 
a very ſhort time become more raging, he ſtepped 
to the ſide- table for the tron wherewith he managed 
the digeſter, in order to take it out of the fire, 
"when on a ſudden, it burſtas if a muſket had gone 
off.. A maid that was gone a milking, heard it at 
a conſiderable diſtance, and the ſervants ſaid it 
ſhook the houſe. As he had foretold, the bottom 
of the veſſel, that was in the fire, gave way; the 
blaſt of the expanded water blew all the coals out 
of the fire over the room, the remainder of the 
veſſel flew acroſs the room, and hitting the leaf of 
a table made of inch oak plank, broke it all in 
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pieces, and rebounded half way of the room back 
again. He could not perceive the leaſt ſign of 
water, though he looked carefully for it; the fire 


was quite extinguiſhed, and every coal black in 


an inſtant. | 80 
If a drop of water be placed on the bottom 


of an exhauſted receiver, it will ſuddenly diſappear, 


and be converted into a ſubtil vapour, which will 
fill the veſſel, and it's preſſure againſt the internal 
ſurface will be ſo ſtrong, when heated to a certain 
degree, that it will be almoſt impoſſible to confine 


it, and it will often burſt the veſſel with a loud 


exploſion. This effect of vapour is ſufficiently and 


readily exemplified by the ſmall machines called 


candle-balls. This great expanſion of the vapour 
is the true cauſe of the danger of throwing water 
into boiling oils, or upon melted metals, more 


eſpecially braſs or copper; the water being a hea- 


vier fluid than the oil, falls to the bottom, where it 
is immediately converted into vapour, and cauſes a 
violent ebullition. A ſmall quantity of humidity, 
when mixed with hot metals, will be converted 
into vapour with ſuch rapidity as to produce a more 
violent exploſion than gunpowder; hence the dan- 
ger in caſting copper or iron veſſels; for if the 
fluid metal meets with the leaſt moiſture, in it's 
paſſage from the furnace to the mould, the watery 
particles are inſtantly expanded, and throw: the 
burning metal to a conſiderable diſtance. I» 

If a quantity of water be thrown into an iron 
veſſel, heated red-hot, it will run about the veſſel 
like quickſilver, but without touching the bottom 
or ſides, being converted into vapour, which pre- 
vents it's coming in contact with the veſſel. _ ' 

The eolipile, or wind-ball, is an inſtrument 
which exhibits ina pleaſing manner the generation 
and force of ſteam. 
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It has a long narrow neck, with a ſmall aper- 
ture, through which the ſteam ruſhes with great 
violence in the form of a factitious wind, which 
will blow and brighten a fire, put out a candle, 


and feel like a ſtrong blaſt when received upon the 


hand. | 
It is ſometimes placed on a ſmall carriage, 
(fg. 5, pl. 5,) a cork is thruſt into the extremity 
of the pipe ; when the vapour has acquired ſufficient 
ſtrength to force out the cork, it ruſhes out vio- 
lently one way, while the ball and carriage are 
carried the contrary way. STO b 

The ſteam of boiling water is applied as a 
mechanical force to the ſteam engine, of whoſc 
wonderful effects no one can be entirely ignorant. 

One of theſe engines was repairing at Chelſea, 
and as the workmen were buſy about it to diſcover 
the defect, the barrel burſt on a ſudden, and a 
cloud of ſteam ruſhing out of the fracture, ſtruck 
one of the workmen, and killed him in an inſtant, 
like a blaſt of lightning; his companions haſtened to 
his aſſiſtance, but when they endeavoured to take off 
his cloaths, the fleſh came off with them from the 
bones. A further account of this engine will be 
given in the proceſs of theſe lectures. 

The force of the vapours of ſpirit of wine has 
occaſioned terrible accidents when the worm has 
been ſtopped, and the head of the ftill abſurdly 
tied down to prevent an exploſion. The vapours 
of mercury have burſt an iron box, and thoſe of 
ſal ammoniac, nitrous acid, &c. &c. have all been 


known to burſt the chemical veſſels which confined 


them, and with fuch force as to endanger thoſe 
who ſtood near them. In ſhort, there is no ſub- 
ſtance whatever capable of being reduced into 3 
ſtate of vapour, but what in that fate is endowed 
with an elaſtic force capable of becoming ſuperior 


to any obſtacle we can throw in it's way. 
Evapo- 
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Evaporation is not confined in it's uſe to g 
few mechanical engines, but extends to various 
arts; and is alſo one of the great natural proceſſes 
by which the vegetable kingdom is ſupplied with 
the rain neceſſary for it's ſupport. 

In chemiſtry, this operation is uſed for ſepa- 
rating two ſubſtances from each other, of which 
one, at leaſt, muſt be fluid, and who/e degrees of 
ovlatility are very different. By this means, you 
may obtain a ſalt, which has been diſſolved in 
water, in it's concrete form; by heating, the water 
is combined with fire, and rendered volatile, while 
the particles of ſalt being heavier and leſs volatile 
are left behind, and unite into a ſolid ſtate. As 
during the evaporation the fluid carried off by the 
fire is entirely loft, being ſacrificed for the ſake of 
the fixed ſubſtance with which it was combined, 
this proceſs is only employed where the fluid is of 
ſmall value, as water. When the fluid is of more 
value, the chemiſts have recourſe to diſtillation, in 
- which proceſs wy preſerve both the fixed ſubſtance 
and the volatile fluid. Y 


Or EpuLtition AND EVAPORATION. * 


Ebullition is an accidental phenomenon, de- 
pending on the air contained in liquids; for if this 
be thoroughly expelled, there will be no ebullition, 

You have ſeen that water, in vacuo, gives out 
a great quantity of air in bubbles; theſe are formed 
in the midft of the water, increaſe in ſize, and 
then eſcape, When no more bubbles are produced 
by this operation, freſh ones may be obtained by. 
agitating the water; ſtill more may be diſengaged, 
if it be heated. | 15 414 

The air that is engaged in water, is prevented 

5p U3 FDF 
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from ſeparating the particles thereof, by the pref. 
ſure of the atmoſphere: when this preſſure iz 
removed, thoſe particles of air which are moſt fa- 
vourably fituated, begin to move with more liberty, 


and by their impact to augment the ſpaces in 


which they are contained, thus giving room for 
other particles to diſengage themſelves, and form 
ſmall bubbles; theſe being unequal in ſize, riſe 


with different velocities; in riſing they often meet 


and unite, and the ſpace they thus conjointly oc- 
cupy, is larger than the ſum of the ſeparated ſpaces. 
This is the cauſe of the firſt phenomenon above 
mentioned; for by agitating the water, ſpaces are 
formed void of air, into which, other particles of 
this fluid diſengaging themſelves from the ſides 
of the water ſurrounding the empty ſpace, enter; 
and thus are freſh bubbles of air formed, which 
would not have been diſengaged without this agi- 


tation of the water. Laſtly, by a freſh degree of 


heat applied to the water, an expan/ible fluid is in- 
troduced therein, that is more ſubtil than air, and 
is always in motion in the interſtices between the 
particles of water: by ſeparating theſe, it enables 
thoſe of air to diſengage themſelves, and thus form 


more bubbles thereof. 


Now if all the air that is contained in any 
liquid be expelled, that liquid would never boil, 
neither in vacuo, nor in open air: it would then 
only evaporate at it's ſurface; the evaporation 


would indeed be flower, but would ſtill be regu- 


lated by the ſame laws; and at the ſame temperature, 


the vapours ariſing therefrom, would be as denſe as 


thoſe procured by ehullition from liquids not purged 
of air; for the degree of heat, at which liquids 


- boil, is that where the vapour is capable alone 


of Porting the incumbent preſſure, the vapour 
being formed in the boſom of the fluid, as ſoon as 


there is any ſolution of continuity. 


This 
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This reaſoning is confirmed by an experiment 


made by Mr. Watt, who conveyed ſome water into 


1 barometer tube; the upper part of the tube being 
formed into a ball, and the air being expelled en- 


tirely from the water it contained, the ball was intro- 


duced into a veſſel of ſalt water; this was gradually 
heated ; the increaſe of the heat, the march of the 


water, and the correſponding depreſſion, of the : 


mercury, were carefully noted. . 
The moment the ſteam or vapour, at the top 
of the inſtrument, had attained the boiling heat, 
the mercury in the barometer was depreſſed to the 
level of that in the baſon; the vapour in the 
inſtrument was therefore then of the ſame denſity, 


a5thoſe which the water therein would have formed 


if it had boiled; whereas in the preſent experiment, 
there was no ebullition. In proportion as the ſalt- 
water was more heated, the denſity of the vapours 


increaſed, and the mercury in the tube fell beneath 


the level of that in the baſon, till at laſt it was 
driven entirely out of the tube: there was ſtill, 


however, no ebullition, though the heat was many 
degrees above the boiling point. . 


The depreſſion of the column of mercury, and 


the correſponding augmentation of heat in the 


water, coincided, as nearly as could be expected, 
with the heat aſſumed in other experiments by 
boiling water, under different degrees of incumbent 
preſſure. 


From this experiment you will naturally infer, 
firſt, that ebullition is only an accidental pheno- 
menon, ariſing from the air incloſed in the liquid. 
Secondly, that with the ſame temperature, ſimilar 


vapours are detached from water, whether it boils 


or not. Thirdly, that ebullition does = take - 


place, until the vapour produced in the liquor has 


acquired a degree of expanſive force ſuthcient to 


miſe the liquor into bubbles under that preſſure. 
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It now remains to be explained how vapour 
is produced in boiling water, and by what means 
the permanent or conſtant heat of boiling water 


is preſerved under the ſame preſſure. Theſe phe- 


nomena are caſily explained by experiment, for 
this will ſhew you that vapour is formed in the 
midſt of water, by means of the bubbles of air 
that are diſengaged therein. Theſe bubbles form 
a ſolution of continuity into which the vapour en- 
ters, and is then expanded and united with fire; 


hence an evaporation which cools the fluid, and 


preſerves. it at a certain temperature. - 
When the heat is ſmall, the vapour that is 
formed is ſo rare, as not to increaſe the natural 
effort of the bubbles of air in eſcaping; but when 
the heat increaſes, the ſteam or vapour that enters 
the bubbles of air, becomes more denſe, and the 


bubbles are enlarged ; the heat being further aug- 


mented, the ſteam contained in the bubbles be- 
comes ſufficiently denſe to ſurmount the preſſure of 
the water, it then enlarges the ſpace in which it is 
contained, and would do this indefinitely, if it 
were prevented eſcaping from the ſurface. M. de 
Luc put into a retort with a long neck, ſome 
water, which was ſo perfectly freed from air, that 
no bubbles were diſengaged till it had attained the 


| boiling heat; the retort was held in an inclined 


poſition, to prevent the fteam from eſcaping by the 
neck : in this poſition, one bubble of air diſengaged 


itſelf, and gave rife to ſo much ſteam, as forced 


out, in one maſs, nearly half the water that was 
contained in the retort; proving that a certain 
degree of heat is neceſſary to form ſteam ſufficient- 


Jy denſe to overcome by itſelf the incumbent 


preſſure. GE RET A aw Re ro got 3 
The bubbles of air, and included ſteam, arc 
formed, and eſcape with leſs heat, when there 1s 
leſs preſſure on the ſurface, Thus, when the ich 

0 _ 1 ö ure 


x 
NaTuRE anD PROPERTIES or FRE. 297 


ſure of the atmoſphere is removed, water will boil 
with a heat not exceeding 95 degrees, that is, 117 
degrees below the heat required under the e 
preſſure of the atmoſphere. | 
The greater the preſſure, the greater is the 
ee of heat neceflary for ebullition, inſomuch 
that in Papin's digeſter, water acquires a degree of 


heat equal to that of metals when red-hot. 


As ſoon as the ſteam is formed, and eſcapes, 
the water becomes colder, but ſoon regains it's 
former heat. by freſh ſupplies of fire. The water 
is cooled by the formation of the vapour within it; 
thus the quantity of water is diminiſhed, but the 
heat remains the ſame, being neither increaſed 
nor diminiſhed ; the continued application of fire, 
by converting a greater portion into vapour, 1s 
carried off, ſo that by the evaporation the heat of 
the boiling point is fixed: this is rendered evident 
by experiment. Thus Mr. de Luc having expelled 
the air from ſpirit of ine, found it was capable of 
ſuſtaining the heat of boiling water; he thence in- 


ferred, that by expelling the bubbles of air from 


water, he ſhould make this fluid ſupport a greater 


degree of heat than 212 degrees. He made the 


experiment, and it ſucceeded according to his ex- 


pectation; when all the air was expelled, no vapour 


eſcaped, becauſe none of theſe bubbles were formed, 
and the water at the common preſſure of the at- 

moſphere, ſuſtained a heat 22 degrees greater than 
that of the common boiling point: hence alſo it is 
evident, that ſteam or vapour can only be formed 


at the free ſurface of fluids. 
It was found in the courſe of theſe experiments, 


that whenever the thermometer had riſen above 
the boiling point, it immediately fell again to that 


point; the formation and eſcape of frefh bubbles 
as it were cooling 1t down to that heat. 


ont * therefore, the boiling 
point 
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point is only fixed and certain in the ſteam which 


eſcapes; for the temperature of the water varies, 


being ſometimes above, ſometimes below this point, 


but always falls, when higher, immediately on the 
- eſcape of ſteam bubbles. The greater the degree 


of heat that is applied to the water, the more rapid 


are theſe oſcillations of temperature. The mean 
temperature, however, remains the ſame, and the 
only effect of a greater degree of heat, is to produce 
from the water ſteam- bubbles of a conſtant tempe- 


rature, in greater number, and with more rapi- 


dity. | Lt: 
lou may from theſe experiments comprehend 
why liquids are cooled by evaporation, as well as 


the nature of evaporation itſelf; the particles of 


fire being very ſubtil, penetrate and traverſe all 
bodies continually, in every direction, and under- 
go therein. the various modifications already 
deſcribed : the permanency of the ſame tempe- 
rature in any body, and in the air ſurrounding it, 
will therefore depend on an equilibrium in the 
_ ſimultaneous paſſage of the particles of fire from 
that body into the air, and from the air into that 
body; and this equilibrium exiſts, wherever fire 
meets the ſame reſiſtance at coming in and 
going out, as in ſolid ſubſtances, or in fluids in- 
cloſed in folids. But the caſe is different with 
thoſe that have one ſurface free or expoſed, as 
fluids; for here the fire that enters, does not 
compenſate for what goes out; the latter being leſs 
reſiſted than the former, the fire paſſes out more 


rapidly than it enters, carrying away with it the 


molecules of water, which it meets with at the 
ſurface. By this means the fluid is rendered cooler 
than the ambient air, and the effect is greater in 
proportion as the molecules of the fluid yield 
more eaſily to the impreſſion of the particles of 
fire. "RE 14115 2 | 
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When the molecules that have been thus de- 
tached from the general maſs, keep at a certain 
 diftance from each other, (which diſtance is regu- 
lated by the temperature,) they remain united with 
the particles of fire, and vapour is the reſult, which 
may be conſidered as an expan/ible fluid, that ob- 
tains from fire it's peculiar properties, while, like 
other mixtures,” it acquires qualities which are 
not perceivable in the ſeparated ingredients: but 
if the particles of vapour or ſteam are brought 
within the above diſtances, they unite and are 
precipitated. | 

According to the experiments of Mr. Watt, 
boiling fleam, when the barometer is at 28 inches, 
occupies 1800 times more ſpace than the water 
from which it proceeds. This ſteam is pure, and 
it's peculiar character is to be ſufficient of itſelf 
to ſupport the preſſure of the atmoſphere. If you 
increaſe the ſpace occupied. by a given maſs of 
this ſteam, preſerving the ſame temperature, it 
dilates, and fills this ſpace, ſeeming to have no 
other limits of expanſion than the ſpace in which 
it acts; but if you make it occupy a leſs ſpace, a 
portion of the ſteam or vapour is deſtroyed, with 
out diminiſhing the denſity of what remains: in 
this caſe, a portion of the water 1s precipitated, and 
a portion of fire diſengaged. The liberation of 
fire will retard the deſtruction of the remaining 
ſteam, unleſs it eſcapes through the veſſel in which 
the ſteam is confined. . | 

The evaporation of a drop of water at the 
top of a barometer, depreſſed the mercurtal co- 
lumn half an inch, when the thermometer was at 
57 degrees; the vapour alone, in this inſtance, 
and with this temperature, ſupported a column of 
mercury of half an inch. If the column of mer- 
cury was raiſed by adding more mercury at bottom, 
the depreſſion of the barometric column was ſtill 
1 the 
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the ſame; a part of the ſteam was deſtroyed, but 
the reſidue preſerved the ſame denſity till the whole 


Vas deſtroyed. This experiment agrees with one 


of Mr. Nairne's, already mentioned. 

By conſidering what has been faid, you will 
find that the air has had no concern in the for- 
mation of vapour ; for in the experiments with 
boiling- water, it is excluded by the ſteam itſelf, 


and in experiments made in vacuo, it was ex- 


tracted ; yet in both cafes, the ſame phenomena 
take place as where air is preſent. Meſfrs. de Luc 
and Sauſſure have further proved this. I ſhall how. 
ever only relate one more experiment.* A baro. 
meter was placed in a veſſel filled with air; the 


vapour contained in this being abſorbed by proper 


ſalts, a moiſtened rag was placed therein, and then 
the veſſel was fealed, The barometer, when in- 
cloſed, was at 27 inches, the thermometer about 
64 degrees; the greateſt degree of evaporation 


_ raiſed the barometer to 274 inches, thus coin- 


ciding, as nearly as could be expected, with the 
experiments of Meſſrs. Nairne and Watt. 

+ war phenomena of aqueous vapour are therefore 
clearly the ſame in open air as in vacuo. The den- 


ſity of the vapour is the ſame every where, and at 


any temperature, provided the particles thereof 


keep at a certain diſtance from each other. It is 
equally indifferent whether they be expanded in 


air or in vacuo, fo that they are not forced by 
preflure within thig diſtance. Now the particles 
of vapour in vacuo are not better ſecured by the 
ſides of the veſſel from the preſſure of the atmo- 
phere, than thoſe in open air are by the air itſelf 
with which they are intermingled, becauſe this air 
alone already reſiſts this preſſure. 1 
A por tion of vapour 1s at any time eiter 
* 


+ Mr, de Saufſure, Effais fur I Hygrometric. 
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by condenſing the air with which it is intermin- 
gled. It is indeed a general obſervation, that hu- 
midity is increaſed by condenſing, and diminiſned 
by dilating the air. In the ſame manner in vacuo, 
at every temperature humidity increaſes, when 
the particles of vapour approach within a certain 
diſtance, and diminiſn when they recede further. 
Thus does every phenomenon prove that the 
hypotheſis of the diſſolution of water by air, is vague, 
without any ſolid foundation, - unneceſſary for the ex- 
planation of evaporation, and involving every branch 
of philoſophy in obſcurity. 
Or THE Latent FIRE IN STEAM OR VAPOUR. 


Boiling water, when examined by a thermo- 
meter, is not fenſibly hotter after boiling ſeveral 
hours than when it began to boil ; though to main- 
tain it at that degree of temperature, a briſk fire 
muſt be neceſſarily kept up. What then becomes 
of this great waſte of fire? It is not in the water, 
nor is it manifeſted by the ſteam, for upon exa- 
mination, this is rarely found to be hotter than 
boiling water. Dr. Black has proved that this fire 
is abſorbed by the vapour, and that what is fo ab- 
ſorbed, is abſolutely neceſſary to the exiſtence of 
water in the form of an elaſtic fluid, but which 
does not increaſe it's temperature. | | 

The following experiments of Dr. Black will 
render this ſubject very plain to you. Having the 
opportunity of uſing what is called a kitchen table, 
or a large thick plate of caſt iron; he heated one 
end thereof red-hot, and placed thereon two flat 
circular iron veſſels, of about four inches diameter, 
and containing equal quantities of water ; the tem- 
perature of the water was noted when it was placed 
on the table, when it began to boil, and when i” 


was nearly boiled away. In four minutes it began 
| . to 


! 
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to boil, and ſend forth ſteam, and in the ſpace of 


20 minutes, the plate being ſtill of the ſame heat, 
the water was wholly evaporated. At the begin- 
ning of the experiment, the water was at 54 degrees; 
in 4 minutes, 1t roſe 158 degrees, or to the boiling 
point; during each of the ſucceſſive 4 minutes, it 
received the ſame quantity of heat; that is, in 20 
minutes, 5 times 158, or 790 degrees. If the ſteam 
had gone off with great velocity, we might have 
ſaid that it was a ſenſible effect of the increaſe of 
heat; but as neither the heat of the water is in- 
creaſed by boiling, nor the ſteam ſent off with any 
remarkable celerity, we may reaſonably conclude 
that the fire 1s abſorbed by the ſteam, and becomes 
one of it's component parts. The ſurplus heat is 


neither ſenſible in the water, nor the ſteam; for if 


you apply a thermometer to the ſteam, you will 
not find it hotter than the boiling water. 
This concluſion is further ſtrengthened by the 
heat given out by ſteam, on it's being condenſed 
by cold: this is particularly manifeſt in the con- 


denſation of this fluid, in the proceſs of diſtillation; 


where, upon examining the refrigeratory, you will 
find that a much greater quantity of heat is com- 
municated to it, than could poſſibly have been 
tranſmitted by the heat which was acting ſenſibly 
before the condenſation: this may be eaſily aſcer- 
tained by obſerving the quantity of heat communi- 
cated to the water in the refrigeratory of a ſtill, by 
any given quantity of liquid that comes over. Thus, 
if the refrigeratory contains 100. pounds of water, 
and the diſtillation be continued till one pound has 
come over, ſuppoſing the water in the retrigeratory 


to have received 8 degrees of heat; if the whole 


of the quantity thus received, could be thrown 
into one pound of water, the latter would receive 800 
degrees. But that this quantity of heat is received 
by the refrigeratory, has been proved by experi- 

8 ments; 
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ments; which conſequently ſnews that water, when 
converted into vapour, abſorbs. above 800 degrees 
„%%% T ETT. 
Dr. Black put ſome water into a ſtrong phial, 
having a thermometer in it, and ſtopped cloſely 
with a cork : this he expoſed to a ſand heat, and 
brought the thermometer 20 degrees above the 
boiling point; which was eaſily effected, as the 
preſſure of the ſteam on the water, made the fluid 
capable of greater acceſſions of heat. He then 
pulled out the cork, ſuppoſing that the water would 
1mmediately difappear, by flying out in vapour. 
This did not happen; for upon taking off the me- 
chanical preſſure, aſuddenand very tumultuous ebul- 
lition enſued, during which a portion of the water 
was forced out of the phial, together with a quan- 
tity of ſteam ; the water in the phial ſunk down to 
212, almoſt as ſoon as the cork was pulled our. 
Now as the additional heat does not appear in the 
water, though the minute before it acted ſenſibly 
in it, we may conclude that the fire occaſioning it 
is combined with the ſteam. 

Mr. Watt, under the direction of Dr. Black, 
put a quantity of water into Papin's digeſter, and 
raiſed 1t to 412 degrees. After confining the ſteam 
fora long time in ſuch a preſſure, he judged that 
upon admitting the air, and giving vent to the 
obſtructed ſteam, the whole maſs of water would 
inſtantly evaporate; this was not however the caſe, 
a quantity of ſteam flew out with conſiderable 
- noiſe, and with ſuch impetuoſity, as to rattle ſeve- 
ral times againſt the ceiling of the room; yet far 
the greater part of the water remained, which im- 
mediately ſunk to 212 degrees; whence it was 
concluded, that the fire, thus put in action, was 
abſorbed by the ſteam, by which means the tem- 
perature of the water was reduced to the boiling 
point. In this experiment the water was heated 

| | 200 
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200 degrees above the boiling point. If the con- 
verſion of water depended merely on the quantity 
of ſenſible heat, the whole of the water muſt have 
been evaporated, whereas a ſmall quantity only 
went off in vapour- | | 
I have already dwelt a conſiderable time on 
this ſubject; but the importance of it towards a 

right underſtanding of the moſt part of the phe- 

nomena in nature, will be a ſuffic ient excuſe, and 

will, I am fure, encourage you to hear with atten- 

tion an account of further experiments on this 

intereſting branch of philoſophy ; the more ſo as 

you are ſenſible that natural phitoſophy confifts in 

exploring, by experiment, the phenomena reſulting 
from the mutual action of different bodies on each 
other; as theſe phenomena are innumerable, expe- 
riments muſt be fo alſo; for no arithmetic can 

reckon up the various ways in Which terreſtrial 

bodies may, by natural and artificial means, be 

brought to operate on each other. | 
| If eight pounds of iron filings, at 212 degrees, 
| be mixed with a pound of water at 32 degrees, the 

j temperature of the mixture will be 122 degrees 
| nearly; the iron will be cooled go degrees, and 


| the water heated go degrees. 
But if eight pounds of iron filings, at 300 de- 
| grees, be mixed with a pound of water at 212 
degrees, the temperature of the mixture will be 
| 212 degrees, and a part of the water will be ſen- 
| ſibly converted into vapour: if a fenfible thermo- 
| meter be ſo ſuſpended as to be in contact with the 
vapour thus produced, it will be found alſo at the 
temperature of 212 degrees. In this experiment, 
you fee that 88 degrees of fire, ſeparated from the 
iron, raiſed a portion of the water into the form of 
vapour, but did not increaſe the temperature there 
i of; the vapour that eſcaped was alfo at the boiling 
| point. As the fire ſeparated from the iron is not 


communi- 
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communicated to the water, it muſt neceſſarily be 


abſorbed by the vapour. la 

From theſe experiments it evidently appears, 
that fire may ſo exiſt in bodies, as not to diſcover 
itſelf in any other way than by it's action on the 
minute parts of the body; and that this action 
may be ſuddenly changed ſo as to be no longer 
directed on the particles of the ſubſtance itſelf, but 
upon external objects, in which caſe we perceive 
it's action by the ſenſe of feeling, or diſcover it by 
the thermometer. It alſo appears from theſe ex- 


periments, that water, in it's fluid ſtate, hath as 


much fire combined with it as it can contain, and 
yet remain in that ſtate; in other words, the 
elementary fire within it expands or ſeparates it's 


parts from each other as much as is conſiſtent with 


it's conſtitution as water. 


If any more is added, it cannot be abſorbed 


or combined, or direct it's force on the particles of 
the water, without raiſing them in vapour: part, 
therefore, of this additional expanſive power will 
be employed in the formation of vapour, and the 
reſt will be communicated to the neighbouring 
ſubſtances, 5d 
It alſo appears as evident as experiment can 
make it, that fire is the cauſe of fluidity : now as 
fire, when producing heat, expands bodies in every 
direction, we may conclude that it acts as from a 
center towards a circumference, and that cold is a 
diminution of this action, or a condenſation from a 
circumference towards a center; conſequently when 
the expanſive action of fire is confined within the 
lurface of the body, it cannot affect the thermo- 
meter, and may be called, in this ſenſe, latent fire. 
When the expanſive action is transferred from the 
internal parts of the ſubſtance to the ſurface, it 
then affects the thermome ter, though congealing 
Vol. I. 3 15 9 
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or freezing, the latent fire being then rendered 
ſenſible. | 
A certain degree of expanſive power exiſts i 
all bodies; this has been red che Foectfic fire of 
the body. When the expanſive action of fire, with. 
in any fubſtance, becomes greater than is con- 
fiſtent with the coheſion of that ſubſtance, it is 
diſſipated or reſolved into vapour: this, however, 
may be effected in ſuch a way, that this fire may 
ſtill act upon the ſeparated parts, without exerting 
any of it's force upon external ſubſtances; and 
conſequently vapour will continue to exiſt as ſuch 
in a degree of heat much below that at which it 
was produced. When this latent fire is trans- 
ferred to other bodies, the vapour ceaſes to be 
vapour, is condenſed, and in moft cafes returns to 
it's original ſtate. 15 8 
| Every ſubſtance has a proper proportion of 
fire combined with it; conſequently whenever it is 
decompoſed, or new combinations take place, 
there will be either an equal, a ſmaller, or a greatet 
quantity of fire employed: if an equal quantity is 
uſed, there will be no fire diſengaged, nor any 
abſorbed; in other words, no portion of liberated 
fire will be combined, nor will any that was com- 
bined be ſet at liberty. But in the ſecond caſe, 
where leſs fire enters into the new combination, 
than was in the preceding one, a portion of the 
fire that was combined; Hefore the decompoſition, 
Will be Tet at liberty, and will remain diſengaged; 
after the recompoſition, it will re-aſſume it's pro- 
perties, and will produce the effect we call heat, 
and will diſſipate itfelf inſenſibly among the fur- 
rounding bodies. In the third caſe, When more 
fire enters into the new combination than was 
there before, the fire from the ſurrounding bodies 
will be abſorbed, and paſs from the ſtate of free, 
to combined fire; as the ſurrounding bodies are 


thus 
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thus deprived of a portion of their free fire, they 
will therefore become colder, and continue ſo till 
the equilibrium 1s reſtored by fire from other 
bodies. I. 
You have thus a ſenſible and clear criterion, 
by which you may diſtinguiſh when fire is diſen- 
ed or abſorbed in any combination whatſoever ; 
in the firſt caſe the ſurrounding bodies will be 
heated, in the ſecond cooled. | | 
As whenever fire is abſorbed by entering into 
combination, cold is produced, we may infer that 


whenever cold is perceived, a quantity of liberated 


fire is become combined, or that there has been an 
abſorption of fire by the combination. 

Now as in the formation of vapours, cold is 
always produced, we may be aſſured that fire is 


abſorbed when vapours are formed, or that vapours 
reſult from the combination of fire with a fluid 


reduced to a vaporous ſtate. 


As an objection may be made to the foregoing 


theory, it will be neceſſary to conſider it before we 
proceed any further. If no aeriform fluid can be 
formed, ſays the objector, without a portion of 
fire paſſing into, and being combined with it, cold 
ought always to be produced in the formation. of 
every aeriform fluid; whereas in the combination 
of calcareous earths, and efferveſcing alkalies with 
acids, . inſtead of cold a ſenſible heat is generally 
obſerved during the formation of the fixed air. * 
This phenomenon, far from invalidating the 
former theory, only proves, that in theſe combi- 
nations, more fire is diſengaged than is neceſſary 
tor forming the fixed air, which is clearly proved 
by ſhewing that the quantity of heat may be in- 
creaſed or diminiſhed at pleaſure, according as the 
232 of fixed air in the alkali is increaſed or 
miniſhed : volatile alkali alone, fully ſaturated 


with fixed air, produces cold inſtead: of hear, when 
x d the | 
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the air is diſengaged therefrom. Mr. Lavoiſier 


has made a great many very ſatisfactory experiments 
on this head. „ 


Or ruf CoLD PRODUCED BT EVAPORATION, 


You have ſeen that evaporation, though pro- 
duced by fire, is a cauſe of cold; it is indeed the 
principal means uſed in the proceſſes of nature for 
regulating the temperature of the earth. To un- 


derſtand it's operations, and have a proper idea 
of this proceſs, I ſhall ſhew you ſome very curi- 


ous experiments, and relate others;- pointing out, 
at the ſame time, ſuch applications of this general 
phenomenon, as cannot fail to render it highly in- 
tereſting. 

Take this thermometer filled with water, and 
plunge the ball in water, letting it remain there till 
it 1s of the ſame temperature; then take it out, and 
agitate it in the air, the water on the ſurface of the 
ball evaporates, and you ſee that in the thermo- 
meter falls: by repeating this operation a number 
of times, you may even freeze the water in the 
ball. | 

If you wrap the ball of a thermometer with 
fine linen, and keep this moiſt by ſprinkling it 
with ether, and then agitate or move it briſkly in 
the air, the thermome:er will deſcend to o“. 
Spirits of wine, ether, and many other fluids, pro- 
duce a greater degree of cold than ater; probably 
in conſequence of their being mc .c evaporable. 
The degree of cold. produced by evaporation, de- 
pends probably on the velocity with which it is 
accompliſhed. Now the promptitude in evapo- 
ration of water of a definite temperature, depends 
| partly on the prevailing degree of heat, partly on 
the current of air acting on the thermometer, and 
partly on the dryneſs. and moiſture of the air, 
From the experiments of M. Richmann, ve 


g 2 23 ma 


"the receiver, that 
, the veſſel, thor: 


find, 1. That a thermometer, taken out of water, 
and expoſed to the air, always deſcends, even when' 


it's temperature is equal or ſuperior to that of the 


water. 2. That it afterwards riſes till it has at- 
tained the temperature of the atmoſphere. 3. That 
the time of deſcending is leſs than that which it 
employs to riſe again. 4. That when the thermo- 


meter, withdrawn from the water, has ariſen to the 


common temperature, it's bulb is dry; but that it 


continues wet during the whole time of it's ſtanding 


beneath this common temperature. 
The experiments of Dr. Cullenſhew us, 1. That 
a thermometer, ſuſpended in the receiver of an 


air-pump, deſcends two or three degrees during 


exhauſtion, and afterwards riſes to the temperature 
in the vacuum of air. 2. A thermometer plunged. 


in alcohol in the receiver of the air-pump, always 


deſcends ; and that lower in proportion as the bub- 
bles are ſtronger which iflue from the alcohol. If 


it be taken out of the liquor, and ſuſpended wet in 
the receiver, it falls 8 or 10 degrees, while,the air 
is pumping out. Dr. Cullen placed ſome very 
volatile liquors under the receiver of an air- pump; 
one of theſe was ether; it was contained in a glaſs, 


in which there was alſo ſome water; when the air 
was extracted, the ether began to boil, and to be 
converted into vapour, ff it became ſo cold under 
it, Troze the water contained in 
the temperature of the room 
was about 50. Y grees. : 

lou may freeze water at any time, by the 
evaporation of ether; for this purpoſe you ſhould 
be furniſhed with a thin glaſs tube, to hold the 
water like this in my hand, and a bottle of ether 


with a capillary tube fitted to the neck: I ſhall keep 


the outſide of the glaſs tube wet with the ether, and 
the ſpeedy evaporation of this very volatile fluid 


will ſoon convert the water into ice, and this it 


X o | will 
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will do even before a fire, or in the midſt of 
ſummer. _ | 

We may, therefore, lay down the following 
circumſtances, as the moſt general conſequence 
that ariſe from the experiments made on evapo- 
ration: 1. That if a thermometer be plunged into 
any evaporable fluid, and immediately taken out 
again, it will deſcend ſeveral degrees while the 
bulb is drying; as ſoon as the fluid is all erapo- 
rated, it will begin to riſe, and continue to do fo 
until it has acquired the temperature of the ſur. 
rounding air. 2. That the cold produced is greater 
in proportion as the fluid is more evaporable; the 
bulb ofa thermometer, moiſtened with water, does 
not deſcend fo rapidly as one wetted with ſpirit of 
wine; and this leſs ſo than one moiſtened with 
ether. 3. If the evaporation is accelerated by any 


means, excepting by heat, there will be a propor- 
tionable augmentation of cold, ſo that evaporation. 

is not only productive of cold, but the degree of 
Cold depends alſo on the rapidity of the evaporation. 


4. That by continuing to wet the bulb as faſt as 
it dries, the cold continues to be increaſed, becauſe 

the producing cauſe continues it's action. 
Sailors, in calm weather, often hold up a wet 
finger in the air, and if one ſide of it becomes, 
in drying, colder than ahather, they expect wind 
from that quarter. This cu 
foundation, for an almoſt inſenſible motion in the 
air, will evaporate the water from one ſidle of the 
finger ſooner than from another, and thus produce 
cold. By a ſimilar experiment, you may experi- 
ence the cold produced by evaporation; wet your 
finger by putting it in your mouth, and then hold 
it up in the air, and you will find it grow cold as 

the moiſture evaporates. | 

Though this property of producing cold by 
evaporation has been but lately obſerved by 9 4 
| | mils, 


is not without it's 
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miſts, yet it has been long employed by thoſe who 
knew nothing of the operation. It has been ob- 
ſerved at Aleppo, in Syria, that the water in their 
jars is always the cooleſt when the weather 1s the 
warmeſt, and the power of the ſun exceſſive. The 
heats in that part of the world are ſometimes al- 
moſt intolerable, and at that time the evaporation 
from the outſide of the jars, which are made of 
porous earth, is very copious, and the cold within 
is in proportion to the quantity of water evaporated 
from without. Kæmpfer relates, that the winds 
are ſo ſcorching on the borders of the Perſian gulph, 
that travellers are ſuddenly ſuffocated, unleſs they 
cover their heads with a wet cloth; if this be too 
wet, they immediately feel an intolerable cold, 
which would become fatal if the moiſture was not 
ſpeedily diſſipated by the heat. = 

Mr. Swinburne ſays, they have a kind of 
earthen jar in ſome parts of Spain, called buxaros, 
which are only half baked, the earth of which is ſo 
porous, that the outſide is kept moiſt by the water 
that filters through it, and though placed in the 
ſun,-the water in the pots remains as cold as ice. 
The blacks at Semigambia have a ſimilar method 
of cooling water; they fill tanned leather bags 
with it, and hang them up in the ſun; the water 
00Zes more or leſs through the leather, ſo as to 
keep the outward ſurface wet, which, by it's quick 
and continued evaporation, cools the water. 

The manner of making ice in the Eaſt Indies 
depends on the ſame principle, that of producing 
cold by evaporation. . The ice makers dig pits about 
zo feet ſquare, and 2 deep, on large open plains :. 
they ſtrew the bottoms of theſe pits, to the thick- 
neſs of about 8 inches or a foot, with ſugar canes, 
or with the dried ſtems of India corn: upon this 
bed they place a number of unglazed pans, which 
are made of ſo porous an earth, that the water pene- 
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trates through their whole ſubſtance : theſe pans, 
which are about a quarter of an inch thick, and à 
quarter deep, are filled towards the duſk of the 
evening, in the winter ſeaſon, with water which 
has been boiled, and then left in that ſituation til] 
morning, when more or leſs ice is found in them 
according to the temperature of the air; there being 
more formed in diy and warm weather, than in that 
which is cloudy, though it may be colder to the 
human body. Every thing in this proceſs is calcu. 
lated to produce cold by evaporation ; the beds, on 
which the pans are placed, ſuffer the air to have 
a free paſſage to their bottoms, and the pans, in 


cConſtantly oozing out water to their external ſur- 


face, will be cooled by the evaporation. 
Cellars and ſubterraneous' vaults, at a certain 
depth, are commonly dry in winter, and very wet 
in ſummer.  'In ſummer, the air is hotter than the 
interior of the earth; and fire which always tends 
to an equilibrium, deſcends into the upper ſtrata 
of the earth, with the water it bears: it depoſits 
this water in theſe ſtrata ſucceſſively, in proportion 
as it penetrates and finds them colder ; thus they 
become loaded with humidity to a certain depth, 
and retain it, until by a change in the atmoſphere, 
which the cold brings with it, the fire returns from 
the earth to the air, and gradually carries away with 
it the water it had depoſited during the ſummer. 
That fire effects evaporation with great energy, 
when not reftrained by the air, is evident from the 
following fact: in the upper part of barometers, 
well purified from air, and expoſed to conſiderable 
changes of temperature, as for example, at à 
window upon which the ſun ſhines, you will ſec 
the mercury raiſed, and depoſited in little drops on 
the empty part of the tube : theſe drops gradually 
increaſe, and at length fall back by their weight. 
This is a real diſtillation, which takes place in the 
%% Py hn 8 ordinary 
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ordinary temperature of the atmoſphere ; the fire, 

although in this inſtance of very inconſiderable 
denſity, raiſes the mercury, which is nearly 14 
times heavier than water, and carries it, at leaſt, to 
the height of 2 inches, and depoſits it on the coldeſt 
ſide of the glaſs, where it has The greateſt tendency 


to traverſe it. This is one among many pheno- 


mena which ſhews that evaporation does not ariſe 
from any diffolving power in the air; for in this 
caſe the air was excluded, but is to be aſcribed 
my to the agency of fire. 

It is on theſe principles that the air overa wood 
or foreſt, is made colder by the evaporation from 
trees and ſhrubs. Thus plants are kept in a more 
moderate air, and ſecured from the burning heat of 
the ſun, by the vapour perſpired from their own 
leaves; and hence the ſhade formed by vegetable bo- 
dies, is more effectual to cool us, as well as. more 
agreeable in itſelf, than the ſhade of rocks and 
buildings. 

-: When the nat body is moſt heated, the 
vapour paſles off at the ſkin by perſpiration. If 
the pores arc cloſed, what ſhould evaporate is 
reverberated, and works inwardly upon the body, 


like the ſteam confined in Papin's digeſter, and the 


blood riſes far above it's due heat into a fever, as 
water in that veſſel riſes far above the heat of boil- 
ing: thus numbers of labouring people ſupport 
themſelves in the height of ſummer, by virtue of a 


copious perſpiration, which they repleniſh bydrink- 


ing plentifully; the liquor is carried off by perſpi- 
ration, and the body is kept cool by the fire which 
the evaporation of the ſweat carries off. The work- 
men employed in glaſs houſes, founderies, &c. often 
live in a medium hotter than their bodies, the na- 


tural temperature of which is equalized and modes 


wor by perſpiration. 
I hus has Frovidence contrived to render the 
heat 


CG NA —— 


314 Lectures on NATURAL PHILOSOPHY, 


heat of the torrid zone leſs inſupportable to the in- 
habitants. An intenſe heat bathes the body in 
fweat; but the ſweat being evaporated, carries 
with it a large portion of the fire by which it was 


occationed, and thus cools the body. If evapo- 


ration be increaſed by agitation of the air, the 
refrigeration is greater; hence the uſe of fans and 
ventilators, which, though intended to give motion 
to warm air, cool likewiſe, by facilitating and fa- 
vouring evaporation. Warm and dry air is beſt 
ſuited to form a refreſhing current, becauſe it is 
more calculated to carry off humidity : from hence 
alſo we may ſee the neceſſity of frequently renew. 
ing the current of air to preſerve the coolneſs of 


our apartments. 


,-  Thefe principles, ſays M. Chaptal, have alſo 


a nearer relation to inedicine than is generally ſup- 


2 Moſt fevers end in perſpiration, which, 
de the advantage of expelling the morbific 
matter, poſſeſſes that of carrying off fire, and thus 
reſtoring the body to it's common temperature. 
The phyſician, who is deſirous of moderating the 
exceſs of heat in the body of a patient, ought to 
maintain the air in that diſpoſition which is moſt 
ſuitable to his views. 

May not theſe principles account for the effect 
of ſome medicines? The uſe of volatile alkali is 
univerſally acknowledged in burns, the tooth-ache, 
&c. May not theſe effects be attributed to the 


volatility of this ſubſtance, which by combining 


with, and carrying off fire, leaves an impreſſion of 
cold? May not alſo the effect of ether, which is 
a ſovereign remedy for the cholic, depend on the 
fame principles ? 

| Moſt of the phenomena of evaporation are 
conveniently and elegantly ſeen intheſc glaſs tubes, 
(fig. 7, plate 5,) with. hollow balls at their extre- 


mities; the balls freed from air, and half filled 


with 
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with water or ſpirit of wine. If you lay hold of 
each ball at the ſame time, you will ſee no ebul- 
lition in either; but if you only lay hold of one, 
it will be warmed by the hand, while the other re- 
mains cold, and the water will immediately fly 
from the one which is warmed, and riſe into the 
other which remains of the ſame temperature. 
When the water is all gone into the ball furtheſt 
from your hand, you ſee 1t begins to boil, and this 
ebullition will laſt a long time, provided you keep 
your hand on the empty ball. LE 
Theſe phenomena are eaſily explained from 
what has been already ſhewn you; the fire paſſing 
from the hand into the glaſs, converts into vapour . 
the thin coating of — which lines the ball; 
but when the balls are equally warmed, the preſſure 
being equal on both ſides, the vapour cannot act 
and develope it's properties. When one only of 
the balls is heated, the vapour is formed in great 
abundance, and forces the water into the other; 
the fire at the ſame time paſſing through, occaſions 
the ebullition in the other, by forcing up the vapour 
it raiſes through the water into the other ball; the 
vapour ariſing from this, parts again with it's fire 
againſt the cooler ſides of the glaſs. You may be 
eaſily convinced, that this ebullition is occafioned/ 
by the vapour raiſed by the heat of the hand, frony/ 
the humidity which coats the ball; for if you graſp 
this ball in the hand, keeping it in ſuch a poſition 
that the water cannot enter it again, the ſides 
thereof will ſoon become quite dry, and the ebul- 
lition will entirely ceaſe : but if you moiſten the 
inſide of the ball with a drop of water, the ebul- 
lition will immediately commence. 
Another remarkable phenomenon that this little 
inſtrument preſents to your attention, and which 
you muſt 8 have obſerved, is this; that as 
long as there is any moiſture in the inſide of = 
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ball to be changed into vapour, the hand feels a 
cool ſenſation, although it is cloſely graſped there- 
by, all the fire that proceeds from the hand being 
combined with the water, to change it into an 
elaſtic vapour; but the inſtant the ebullition and 
evaporation ceaſes, the ball becomes warm. 

Lou may demonſtrate with this inſtrument, in 
another manner, the cold produced by evaporation: 
for this purpoſe, hold the middle of the tube in 
the hand, and in an horizontal poſition, the bub. 
bles being uppermoſt, and containing nearly the 
fame quantity of water in each. Now waſh one of 
them two or three times with a hair pencil that 
has been dipt in ſpirit of wine or ether, and you 


will ſee all the water paſs into the moiſtened ball, 


and begin to boil with force ; the reaſon of this 
phenomenon 1s very plain, the evaporatiqn from 
the moiſtened ball has carried off part of the fire 
contained therein; the vapour in this ball loſing 
it's fire, and being thereby condenſed, does not 
act againſt that in the other ball, which preſſes the 
water, and this occaſions the ebullition. 

Niere is one of theſe inſtruments, { fig. 9, pl. 5,) 
fixed upon an axis with the balls upwards, and a 
board facing them, in which are two holes, fo 
Placed as to correſpond with either of the balls 
when it preponderates : place this before the fire, 
and the vapour from the water in the lower ball 
will ſoon force out the liquop in this ball, which 
aſcending into the other, it becomes the heavieſt, 
and falls down, and being then oppoſite to the 


hole facing the fire, a portion of the water therein 


will be rarified, and force the reſt. into the other 
ball which will agajn deſcend. Ir is not improba- 
ble, ſays Dr. Franklin, that this power of eaſily mo- 
ving water from one end to the other of a moveable 
beam, by a ſmall degree of heat, may hereafter be 
applicd advantageouſly toſome mechanical 8 
N : 
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Or SpONTANEOUS EVAPORATION. 


The experiments we have made with our 
ſmall glaſs apparatus, have prepared us for the con- 
ſideration of that ſpecies of vapour which riſes with 
very little heat, and is in general imperceptible: 
as this evaporation 1s perfectly quiet, 1t evidently 
proceeds from the ſurface only, and 1s therefore 
proportionably greater as the ſurface is enlarged. 
Equal quantities of water being put into two un- 
equal veſſels, the one broad and ſhallow, the 
other narrow and deep, the former will exhale 
much more abundantly than the latter. 

It has long been thought that the air diſſolves 
the water, and thus occaſions this evaporation ; 
but this opinion does not ſeem well founded; the 
contrary has indeed been already proved. There 
certainly is a conſtant ſlow evaporation from fluids 
expoſed to free air; yet it is evident that fire is the 
principal agent concerned in this evaporation, from 
the refrigeration which always accompanies the 
proceſs. To ſuppoſe that air acts upon water as a 
menſtruum or ſolvent, brings us only to the ſame 
concluſion; for how do ſolvents act? Not by any 
occult virtue in the ſolvents themſelves, nor in the 
matter they act upon; but on ſomething adven- 
titious to both. 

Water diſſolves ſalt as a menſtruum ; but only 
under certain conditions, which proves that the 
power is not altogether in the water, but in ſome- 
thing elſe. Hot water will receive and retain many 
more of the ſaline particles, than water which is 
cold and lukewarm; and when with a certain de- 
gree of cold water becomes fixed into ice, it loſes 
it's mobility, and can diſſolve nothing. 

Further, as all motion is in the direction of it's 


cauſe, whereſoever you ſee a body move in any 
3 f direction, 
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direction, you may ſafely affirm, that there is a 
cauſe acting in that direction. But if you ſuppoſe 
air to act as a menſtruum on water, by the power 
of attraction, you muſt ſuppoſe it to act downwards, 
and draw water upwards, which is contrary to the 
laws of motion; all motion being in the direction 
of the moving cauſe : you muſt therefore reſolve the 
aſcent of vapour into impulſe, into the agency of a 
cauſe which diffuſes itſelf every way, and acts in 
all directions. When vapour riſes from the ſurface 
of an heated fluid, all is conſiſtent and rational; the 


fire goes off the ſame way, and ſo the cauſe and 


effect are in one direction; and therefore if we 
would be conſiſtent, we muſt reduce other caſes 
to this, and argue that all gentle and ſlower ope- 
rations are on the ſame principle as where the 
operation is quicker, as the cauſe is more violent, 

Fire, which is the great cauſe of ſolution, is 


alſo the cauſe of ſpontaneous evaporation. The 


earth and ſea perſpire, when they are heated like 


the human body; and no one ever yet ſuppoſed 


that perſpiration was owing to the air that ſur- 
rounds the {kin of an animal; although this vapour, 


like that of the rivers and ſea, goes off into the 


. 


atmoſphere, it is not the air without, but the fire 
within, that is the cauſe; the air only receives it, 
and may do this more or leſs, according to the ſtate 
it is in with reſpect to cold or heat, rarity or den- 


ſity. If this reaſoning wanted further confirmation, 


you may have recourſe to the experiments you have 


already made, which prove that evaporation is 


produced in greater quantities in vacuo than in 
open air; whereas on the opinion of ſolution, no 
ſuch effect ſhould take place, as the ſolvend cannot 
be diſſolved without the preſence of the menſtruum. 

Spontaneous evaporation is much affiſted by 
mechanical motion. The ground, when wetted 
with rain, dries very faſt, if there is a briſk To 
þ T k 


„ © OI OP "IR ©, 


md \s os. 


e — is ts Bb gw 5D FF VUTDP is 


NaTURE AND PROPERTIES or FIRE. 319 


by which the parts'of the water are abraded and 


carried into the atmoſphere : as water, when agi 
tated, will take up the parts of earth or mud from 
the bottom, and keep. them aſunder as long as the 
agitation continues, though the earth would have 
remained at the bottom as a ſediment, and the 
water would have been tranſparent, if it had been 
undiſturbed. | | 
There are many operations carrying on in the 

order of Providence, which, though they eſcape 


the common obſervation of our ſenſes, excite our 


aſtoniſhment, when once diſcovered. One inſtance 
of this kind we have in the water which is raiſed 
into the atmoſphere from the ſurface of the earth. 
Would you have conjectured that an acre of ground, 
after having been parched by the heat of the ſun in 
ſummer, diſperſed into the air above 1600 gallons 
of water in the ſpace of twelve of the hotteſt hours 
of the day? The experiments from which this 
fact was deduced by Dr. Watſon, Biſhop of Lau- 
daff, are ſo caſy, that you may eaſily ſatisfy your- 
ſelf with the truth of the concluſion. He put a 
large drinking glaſs with it's mouth downwards 
upon a graſs plat which was mowed cloſe, at a 
time when there had been no rain for above a month, 
and the graſs was become brown; in leſs than two 
minutes the inſide of the glaſs was clouded with 
vapour, in half an hour drops of water began to 
trickle down it's inſide in various places. The ex- 
periment was repeated ſeveral times with the ſame 
ſucceſs. | | 

Io eſtimate the quantity thus raiſed in any 
certain portion of time, the biſhop meaſured the 
area of the mouth of the glaſs, and found it to be 
20 ſquare inches: there are 1296 ſquare inches in a 
{quare yard, and 4840 ſquare yards in anacre; there- 
fore by meaſuring the quantity of vapour raiſed from 


20 ſquare inches of ground in one quarter of an 


2 hour, 
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hour, it will be cafy to calculate the quantity which 
would be raiſed with the fame degree of heat; 
from an acre of ground in 12 hours. When the 
glaſs had ſtood on the graſs plat one quarter of an 
hour, and had collected a quantity of vapour, he 
wiped the inſide with a piece of muſlin, whoſe 
weight had been previoully afcertained; as foon as 
the glaſs was wiped dry, the muſlin was weighed 
again, the increaſe of weight ſhewed the quantity 
of vapour which had been collected; the medium 
inc reaſe of weight from ſeveral experiments made 
in the ſame day between 12 and 3 o'clock, was 
6 grains collected in one quarter of an hour, from 
20 ſquare inches of carth. If you take the trouble 
of making the calculations, you will find that above 
1600 gallons (reckoning 8 prints to the gallon, and 
eſtimating the weight of a pint; of water at one 
pound avoirdupoize, or 7000 grains troy weight,) 
' would be raiſed at the rate here mentioned from 
an acre of ground in 12 hours. Repeating the ex- 
periment after a thunder ſhower, he found that an 


acre parted with above 1900 gallons of water in 12 


hours. | 
This evaporation is carried not only from the 


ground itſelf, but from the leaves of trees, graſs, 
&c. with which it is covered ; and great part of 
the water thus raiſed, falls down again in dew in 
the night-time, being abſorbed by the ſame vege- 
tables which yielded it before. Thus the earth is 
not ſo ſoon exhauſted of moiſture, even for a little 
way below the ſurface of the earth, as we might 
be apt to imagine, from the quantities raiſed y 
evaporation. Perhaps allo, one great uſe of marles 
and manures, may be to render the foil on which 
they are put, leſs liable to be deprived of it's 
moiſture in ſummer. There are many ſandy and 
lime-ſtone ſoils which are covered all over with 
flints ar lime-ſtone pebbles; the crop of corn would 
| 5 OP probably 
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probably be leſs, if theſe ſtones were removed ; 
for they are ſerviceable, not only in ſheltering the 
germs of the plant, but in impeding the eſcape of 
moiſture from the earth. „ bona 

Whether a merely moiſt ſoil be unwholeſome, 
may be much doubted ; but that moiſture ariſing 
from earth or water in a ſtate of putrifaction, is ſo, 
cannot well be doubted. The overflowing of the 
Nile puts a ſtop to the plague, probably as it puts 
a ſtop to the putrifaction of the canals at Great 


Cairo and other places. Agues and putrid fevers . - 


are much more frequent in the fens of Cambridge- 
ire and Lincolnſhire in very dry than in wet years. 
The Iriſb, who come annually to reap the harveſt 
in theſe fens, are ſo ſenſible of the difference, that 
when there have been three or four dry ſeaſons to- 
gether, they enter upon their taſk with reluctance, 
apprehending what they call the fen babe. In 
1748, the States of Holland laid the country around 
Breda under water, to be kept up till the winter, 
to ſtop a ſickneſs, which had ariſen from the moiſt 
and putrid exhalations of half-drained grounds. | 
Upon the theory of ſpontaneous evaporation, 
many of the common appearances in nature are ex- 
plained, When you bring a cold veſlel intoa warm 
room, particularly where many people are afſem- 
bled, the outſide will ſoon be covered with a ſort 
of dew: the reaſon is obvious; the air is filled 
with vapour, particularly from the lungs; this 
meeting with the cold veſſel is condenſed, the fire 
enters to reſtore the equilibrium, and quitting the 
vapour, this is depoſited in it's fluid ſtate on the 
outtide of the veſſel. During a courſe of cold 
weather, the ſtone pavements, the walls of a houſe, 
and other ſolid objects, are deprived of a part of 
their fire; on a change -of weather, when the 
warmer air enters the houſe, the fire enters theſe 
bodies to reduce them to the general temperature, 
Vol. I. 7” 2 
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and depoſits the vapour on the ſurface in it's paſ. 
ſage. In a froſty night, when the air abroad is 
colder than the air within, the dampneſs of the 
internal air ſettles on the glaſs panes of the windows, 
and is frozen within-ſide in beautiful forms. 


Or Tus ABSORPTION or FIRE By CoLoukrey 
SUBSTANCES. 


You have ſeen that the various methods made 
uſe of for the admeaſurement of heat, are founded 
on the general principle, that different ſubſtances 
abſorb fire in greater or leſs quantities; this 
will be further illuſtrated by a few plain facts, 
which I am now going to relate to you. In the 
reception of heat from the rays of the ſun, much 
depends on the ſurface of bodies; thoſe that reflect 

much light imbibe heat flowly, ſo that the ſame 
body, when poliſhed, is heated with more diff- 
culty than when it is rough: but the greateſt dit- 
ference ariſes from the colour of the ſurface; this 
was firſt pointed out by Boyle, and fince by Dr. 
Franklin. | 
It is the property of white bodies to reflec 
light, and of black ones to admit or abſorb it; 
therefore black bodies grow hot in the ſame {itu- 
ation where white ones are but little affected. To 
illuſtrate this, Dr. Frank/in placed on the ſurface 
of ſnow ſeveral pieces of cloth of the ſame texture, 
but of different colours, ſo as to be expoſed to the 
rays of the ſun; in a few hours the black cloth was 
buried in the ſnow, while the white remained on 
the furface. 
M. de Sauſſure relates, that the peaſants of the 
mountains of Switzerland are careful to ſpread a black 
earth over the ſurface of grounds covered with ſnow, 
when they are deſirous of melting it to ſow 8 5 
| | | te 
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White cloaths, whatever be their ſubſtance, are 
always cooler, when expoſed to the ſun, than black, 
of the ſame texture. If the wall at the back of a 


fruit tree be painted partly white and partly black, 


the fruit on the black part will be forwarder than 
the other. Den/e bodies have alſo an advantage 
over rare ones; lead, painted black, will receive 
more fire from the ſun, and be hotter than wood of 
the ſame colour. The difference occaſioned by 
colours of the ſame ſubſtance is greater than would 
be expected, as you may eaſily aſcertain, by ob- 
ſerving the height to which a thermometer, with 
a blackened ball, will riſe, when compared with 
one whoſe ball is of clear glaſs; when theſe are 
expoſed to the ſun, the difference will ſometimes 
amount to 10 degrees, varying with the brightneſs 
of the light, and clearneſs of the air; when ex- 
poſed to ſtrong day-light, the thermometer with 
the blackened ball is always ſomewhat higher than 
the other. Both thermometers being placed at 
about two inches from a lamp, the coloured ther- 
mometer was always ſomewhat higher than the 
uncoloured one; but at 14 or 15 inches diftance, 
the difference vaniſhed. | 45 tb ol I 
Ihe obſervation that different colours acquire 
different degrees of heat, has, by ſome French 
writers, been attributed to Dr. Franklin; whatever 
merit there may be in the diſcovery, it will appear 
from the following extract, that Dr. Franklin hag 
laid nothing on the ſubje&, but what had heen 


previouſly mentioned by the great Boerbaave. In- 


deed every one who wiſhes to comprehend the 
wonders that preſent themſelves in a natural hiſtory 
of fire, ſhould read Boerhaave's incomparable diſ- 
courſe thereon. In Boerhaave alſo, we find a man 
who was ſo far from being made impious by phi- 
loſophy, or vain by WM or by virtue, _— 
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he aſcribed all his abilities to the bounty, and all 
his virtues to the goodneſs of Ode. 

If fire,“ ſays he, © be determined by the ſun 
on the blackeſt known bodies, it's heat will be 


long retained therein; hence fuch bodies are the 


fooneſt, and the moſt heated by the ſame fire, as 
alſo the quickeſt dried, after having been moiſtened 
by water; they alſo burn much the readieſt. Let 
a piece of cloth be hung in the air, expoſed to the 
fun, one part of it dyed black, another part white, 


another ſcarlet, &c. the black part will always be 


found to be the hotteſt, and to be fo fooner than 
the others; the white. acquires heat floweſt, the 


reſt in proportion as their colour is brighter or 


weaker. | HEY 

e This was well known to the nations who in- 
habit the hotter climates, where the outer garments, 
if of a white colour, are found to preſerve the body 
beſt, from the heat of the fun, while black ones 
increafe that heat. It has alſo been obferved by 


the makers of wootlen cloth, that if at the ſame 


time and place they hang out two wet pieces, the 


one black, the other white, the former will ſmoak 


and dry quickly, but the latter retains it's water 
longeſt ; and that cloths of other colour dry ſo 
much 'the ſlower as their colours are lighter. 

ec It has alſo been long ago obſerved, that all 
black bodies are ſooner kindled and ſet on flame by 


the ſame fire, than thoſe of any other colour. The 


duſt of white touch-wood will hardly take fire, 


whereas if ſome be placed on a black coal, and a 


ſpark ſtruck upon it, the duſt thereof will readily 
receive and keep up the fire. If a piece of white 
paper be laid inthe focus of a burning glaſs, it will 


be a long time before it takes fire; and as ſoon as 
kindled, quits it's whiteneſs, turns brown, and 
then black; unmediately after which it burſts out 
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in lame : whereas ifa piece of black paper be laid 
on the fame focus, it immediately takes fire. 

« A black ſoil burns the feet, but ſpares the 
eyes; walking on a white one ſcarce warms: the 
feet, but is troubleſome to the eyes: the fame may 
be obſerved with regard to paintings and hangings. 
Hence you may take a hint for making proper 
ſhades to keep heat from the body, and the blaze 
of light from the eyes. Thus, covers for the head 
white on the outſide, but the lower brim black, 
afford a great relief to the head in a ſcorching 


ſeaſon.“ 


for ſome phenomena that have been long noticed, 
namely, that the higheſt parts of the air are the 


coldeſt, and the contrary. On the Alps, Pyreneans, 
&c. the ice and ſnaw riſe higher thanthe clouds, and 


ſeem to increaſe: this Dr. Black accounts for in 
the following manner. Though the ſun appears 
to be the ſource of heat in the globe, yet it's rays 


do not heat a body that is perfectly tranſparent ; 


when the body is not perfectly tranſparent, and 
reflects ſome few of the rays, it is ſomewhat heated, 


though not in compariſon with an opake body; 
hence black bodies are ſooneſt heated. If a burn- 


ing glaſs be ſo placed that the focus falls a little 


below the ſurface of ſome tranſparent water, the 
water will not be heated: if you plunge a ſtick 


into this part of the water, the interior parts will 
be immediately burnt to a coal, the ſurrounding 
water preſerving the exterior parts. As the rays 
of light do not heat tranſparent bodies, they have 


little effect upon the air; the upper part is more 


tranſparent than the lower, and the lower parts 
receive almoſt all their heat in a ſecondary manner 
by reflection. The atmoſphere may be conſidered 


as conſiſting of very eccentric layers, the loweſt 


being the denſeſt; they are rari fied a little by heat, 


Y. 3 but 


By conſidering theſe facts, we may account 
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but are compreſſed by the ſuperior ſtrata. I have 
before obſerved to you, that a hot body placed in 
vacuo loſes it's heat; the heat of the lower ftrata 
is therefore preſerved by the compreſſion of the 
ſuperior air on the ſurface of the earth where it is 
intended to act. The coldneſs of the air condenſes 
the vapours, and cauſes them to fall in ſhowers, 
upon which the life of vegetables depends. You 
may hence perceive the uſe of planting the higher 
parts of a country : as green-houſes, made of glaſs, 
receive the heat tranſmitted through it, but con- 
fine the air in them when heated, ſo theſe plan- 
tations prevent the lower moiſt ſtrata beingremoved, 
which, when the land is naked and expoſed, are 
quickly carried away by ſcorching winds. 


Or IGNITION. 


Bodies in certain degrees of heat appear lu- 
minous. A body which is thus rendered luminous, 
is ſaid to be ignited, and the effect itſelf is called 
ignition. 2 75 

I he nature of the connection between light 
and heat we have not yet been able to aſcertain; 
they are both effects of fire, effects, however, that 
may be ſeparated; but that there is a connection 
is manifeſt; the ſtronger the light is, the more 
intenſe we find the heat, and the weaker the light, 
the fainter you will find the heat. + 

The degree of heat in which bodies begin to 
be luminous, or emit light, is thought to be fixed, 
not only in reſpect to the ſame body, and at all 
times, but alſo to different bodies. Put into a 
crucible a number of different ſubſtances that are 
capable of bearing a red heat, apply heat properly 
thereto, and you will find that they all begin to be 
Juminous at the ſame time, and as the heat 1s 1n- 


creaſed they aſſume a deeper or a fainter FO 
#15 . 
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We have indeed no ſtandard for eſtimating the 
beginning or loweſt degrees of ignition: the only 
ſtandard is the organ of ſight, which is differently 
affected as the circumſtances differ; beſides, we 
cannot be ſure that we perceive the loweſt degrees 
of light, for we know that other animals ſee ob- 
jects with ſuch light as appears perfect darkneſs to 
us. A perſon coming out of a room full of candles 
into a place moderately lighted, will think it quite 
dark; on the other hand, one who is long con- 
fined to a dark room, will find his eyes dazzled by 
a weak light. | | 
Fhat ignition 1s a univerſal effect of fire, may, 
I think, be fairly concluded, from the variety of 
bodies in which it is found to take place; for al- 
though many ſubſtances have never been rendered 
luminous, yet it would be unphiloſophical to ſay 
that they are incapable of 1gnition, becauſe the 
degree of fire neceſſary to ignite them is more 
than ſufficient to convert them into elaſtic vapour. 
Even water, which in it's natural ſtate ſeems very 
little capable of enduring ſo great a degree of heat, 
may, with the aſſiſtance of mechanical preſſure, be 
rendered ſo hot as to melt lead, tin, and other bo- 
dies, a heat not much inferior to the loweſt degrees 
of ignition: ſteam from water in the eolipile is ſaid 
to have been ignited. Dr. Black has alſo ſeen the 
vapour of water ſo heated, by being thrown into the 
aſh-pit of a furnace, as to produce in riſing through 
the vent a very tranſparent flame, | | 


Or COMBUSTION, 


Combuſtion is an effect alſo of fire, though 
not quite ſo univerſal as the preceding : it is not 
ealy to convey an accurate idea thereof by a defini- 
tion, as it is a collection of various phenomena, 
which take place in the operation of fire an in- 

Y 4 flammable 
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flammable ſubſtances, the principal of which are 
a continuance or augmentation of heat, an agita- 
tion or inteſtine motion, the emiſſion of light 
enerally in the form of flame, and a total change 
in the matter burned: here fire overcomes it's 
fuel, breaks it's nature, alters it's ſtate, and changes 
it into flame and light. 
Combuſtion has been diſtinguiſhed into three 
ſtates, mflammation, ignition, and detonation. 
Inflammation takes place when the body or 


pom thereof are either in an aeriform ſtate, or can 


e raiſed into vapour by the ſimple heat of com- 
buſtion, and the flame 1s greater in proportion as 
the combuſtible body. is more volatile. Thus the 
flame of a candle is kept up by the volatilization of 
the tallow or wax, which is effected by the heat of 
the combuſtion. 

Ignition takes place when the multi 
body is not in an aeriform ſtate, nor ſuſceptible of 
aſſuming that ſtate by the heat of combuſtion. 

Detonation is a ſpeedy and rapid inflammation, 
which occaſions a noiſe by the inſtantaneous for- 
mation of a vacuum. 

There is no phenomenon in nature which has 
more engaged the attention of philoſophers, nor 
which has more puzzled them to account for, than 
combuſtion, The moſt oppoſite and contradictory 
theories have been invented to account for it, but 
in a very unſatisfactory manner; ſome light has 
been thrown on 1t by the diſcovery of dephlogiſti- 
cated, pure, or vital air. 

You will obſerve a great Silence i in com- 
buſtible bodies; ſome burn briſkly with a luminous 
flame, as oils, woods, reſins, bitumens; others burn 
without ſenfible flame, as many of the metals, and 
charcoal, if well made, ; others conſume ſlowly 
without ſenſible 3 ignition, though with heat, as in 
certain ſubſtances, In all theſe caſes, when the 
combuſ- 
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combuſtion is over, the body burned is reduced to 
a ſubſtance of a quite oppoſite nature, which can- 
not be ſubjected again to the ſame proceſs, being 
quite uninflammable : it may indeed be cooled and 
heated in the uſual manner, but 1s no longer in- 
flammable. Such is the nature of inflammable 
bodies, that when heated to a certain degree, they 
not only become hot, but by proper management 


they may be heated to any degree, and the heat | 


which is thus generated, may be communicated 
to other bodies without any loſs of heat to the in- 
flammable bodies. | | 

Ihe reſidue of the combuſtion is always hea- 
vier than the body itſelf before it was burned, as 
is more particularly the caſe in thoſe that are fixed, 
not volatilized in the fire, Some ſubſtances ſeem 
to be an exception to this, as in the open air they 
burn totally away, without leaving any reſiduum, 


ora reſiduum leſs weighty than the original ſub- 


ſtance. This, however, will not be found to in- 
validate in the leaſt the poſition in queſtion; for 
on a careful examination, you will find that 
ſo far from a total conſumption, there is not 


any conſumption at all: the ſubſtances would in- 


deed ſeem to be annihilated, if you do not bring 
the volatile parts into the account. Spirits of wine 
and ether burn without leaving any reſiduum in the 
veſſels that contain them, the matter they conſiſt 
of is volatilized and diſperſed ; but if proper means 
are uſed to collect the product, it will be found in 
general to exceed the weight of the matter em- 
ployed. The reſiduums of combuſtion may, there- 
fore, be diſtinguiſhed into two: 1. Thoſe whoſe 
reſults are fixed. 2. Thoſe which afford volatile 
and fugacious ſubſtances. In the firſt caſe, where 
metals are calcined, oils rendered rancid, and in 
the production of certain acids, ſuch as the phoſ- 
phoric, vitriolic, &c. the increaſe of weight is 

eaſily 
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eaſily aſcertained. In the ſecond, it is indeed more 
difficult to weigh all the reſults of combuſtion, and 
conſequently to aſcertain the augmentation in 
weight. Yet if the combuſtion be made in in- 


verted veſſels, and the whole of the products be 


collected, it 1s found that they are augmented in 
weight: their augmentation of weight is ftrictly 
proportional to that of the air they abſorb. 

In order to aſcertain combuſtion, or detain 
and eſtabliſh a ſource or circulation of fire in the 
ſame place, it is neceſſary, firſt; that fire reſide 
in ſome ſolid or fluid matter. Secondly, that the 
air be freely admitted to it. Thirdly, that to in- 
troduce fire into the combuſtible body, it muſt be 
heated to a certain degree, th 
That the firſt and third circumſtances are ne- 
ceſſary, is ſelf evident, for without fire there can 
be no combuſtion, and without heat applied, you 
could not produce that fiery commotion by which 
phlogiſton is diſengaged, and the ſurrounding air 
is decompoſed. It is ſcarce neceſſary to prove that 
air is required to ſupport combuſtion. 

Let us inflame this ſpirit of wine, and then put 
over it a receiver containing only a ſmall quantity of 
air, and you fee how ſoon the inflammation ceaſes. 


Plunge that bright burning piece of charcoal into 


S 


this veſſel, which contains highly rectified ſpirit 
of wine, and you ſee it is as effectually quenched 
as if it were plunged into water. If you take ano- 
ther coal, and dip it in the ſpirit, ſo that part re- 
main above the ſurface, the ſpirit will then catch 
fire; but ſtill the flame will confine itſelf to the 
ſurface, acting only on thoſe parts of the fluid 
which are contiguous to the air. You have ſeen 
that a candle that burns briſkly in the open air, 
will ſoon be extinguiſhed under a receiver. . 

On the other hand, you know that fire is 
guickened by a blaſt of air; and it is an — 
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ed law of nature, that as ſoon as fire begins to 
ſpread itſelf, a ſtream of air ruſbes in from all ſides 


to ſupport it ; and the larger the fire is, the ſharper 


is the indraft of air: ſo that combuſtion is the 
joint action of fire and air; between theſe a dou- 
ble motion is maintained, an expanſion outwards, 
and a preſſure inwards. That there is an action 
outwards, is evident, 1. From the heat propa- 
gated through the air, which at a conſiderable 
diſtance from the fire itſelf will act as fire, and 
inflame bodies, when it is reflected from a concave 
ſpeculum. 2. From the ſhadow which an opake 
body caſts behind it by intercepting this matter. 
. The- continual current of air in a contrary di- 
rection; a ſilk handkerchief, or any other light 
body, held neara fire, will be carried into it; and 
the ruſhing of the air through all the joints and 
apertures of the doors and windows of a room, 
heated by a fire, is ſenſibly felt. 


Or THE NATURE of ATMoOsPHERITC AIR. 


We muſt now for a moment proceed to the 
conſideration of atmoſpheric air; this, you muſt 
have already concluded to be a mixture of every 
fubſtance capable of retaining an aeriform ſtate in 
the common temperature, and under the uſual 
preſſure it experiences. Theſe fluids conſtitute a 
maſs, in ſome meaſure homogeneous, extending 


from the ſurface of the earth to the greateſt height 


hitherto attained, of which the denfity continually 
increaſes in the inverſe ratio of the ſuperincumbent 
weight, It is my intention here to give you ſome 
account of the compoſition of the inferior ſtratum 


of air which we inhabit. Modern chemiſts have 


made great advances in this reſearch, and atmo- 

ſpherical air has been more rigorouſly examined 
than any other ſubſtance of this claſs. 

They endeavour to prove that atmoſpheric air 

1 conſiſts 
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conſiſts of two acriform fluids, one of which is 
capable, by reſpiration, of contributing to animal 


life, and in which metals are calcinable, and com- 
buſtible bodies will burn; while the other is en- 
dued with directly oppoſite qualities ; 1t cannot be 
breathed by animals, neither will it admit of the 


combuſtion of inflammable ſubſtances, nor of the 


calcination of metals: the firſt of theſe is called 
pure vital or depblogiſticated air; it is compounded 
of a peculiar principle of fire, to which laſt it 
owes it's aerial form. The firſt principle unites 
with the combuſtible body, and by that means 
changes it's nature, and adds to it's weight, while 
fire 1s diſengaged in heat and light. The other 
principle, or conſtituent part of vital air, always 


forms acids by uniting with combuſtible bodies, 
and has therefore been called by Mr. Lavoiſier the 


oxyginous or acidifying principle :* the nature of 


this air will be more clearly apprehended when I 
treat of elaſtic or aeriform fluids. It has been 
computed from obſervations, that pure air conſti- 
tutes about one fourth part of our atmoſphere, and 
that this ſmall part alone is conſidered as the prin- 
cipal agent in combuſtion. 

Let us now conſider the principles on which 
fire is ſupported by air; theſe we ſhall find to be, 
firſt, it's preſſure, which keeps the fire together in a 
body, and prevents it's diſſipation; by this effect 
of the air the fire is concentrated, and it's ſplendor 
much increaſed. You have ſeen that the electric 
ſpark 1s bright and vivid as lightning, when it cx- 

lodes in the air, but that it exhibits only a faint 
diluted filent ſtream in vacuo. I have alſo ſhewn 
you how ſoon the fire, with which water is impreg- 


nated, eſcapes, and how ſoon it cools in vacuo. 
The 


* This is according to the modern French theory, ſome 


parts of which I now think dubious, and other parts erroneous, 
as will be {cen in the courſe of theſe Lectures. 
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The outline by which the flame of a candle is ſo 
well defined, can only be attributed to a preſſure 
which acts equally on every ſide; and this preſſure 
can be no other than that of the air, as you may eaſily 
convince yourſelves by carrying the candle forwards, 
when you will find the ſide of the flame that meets 
the air will be bright and well defined, but the ſide 
that follows will be more ragged and diluted. 

This ſight is ſo familiar that we pay but little 
attention to it; yet it is matter of aſtoniſhment, 
that a fluid ſo weak as fire might be ſuppoſed to 
be, on account of the infinite ſubtlety of it's parts, 
and whoſe exiſtence has been denied by ſome, be- 
cauſe they cannot weigh it in a pair of ſcales, 
ſhould be expanded itſelf, and expand the air with 
all that force which experiment demonſtrates. To 
illuſtrate this, let us ſuppoſe the atmoſphere preſ- 
fing upon the flame of a candle with half it's force, 
that is, with a weight equal to ſeven pounds on every 
ſquare inch; if there be a ſphere of ſuch flame, 
whoſe diameter is one foot, the air would compreſs 
it's ſurface with a force equal to 3164 pounds, yet 
fire maintains 1t's dimenſions with eaſe againſt a 
compreſſive power, which ſeems more than ſuffi- 
cient to drive it back to it's central point. 
Secondly, the uniform preſſure of the air on 
the fubſtance is changed, and an influx thereof oc- 
caſioned by the heat iirſt applied to the combuſtible 
body, by which influx a continual: ſupply of freſh 
air is ſupplied; between the impulſe of this to- 
wards the center of the fire, and the continual ex- 
panſion of the fire outwards, a conſiderable agitation 
is occaſioned, which facilitates the combuſtion : 
the more violent the re-action of the air is made, 
the greater is the aclion of the fire upon the air, 

Thirdly, experiment now clearly proves, that 
the ancients were right in the opinion which they 
unlverſally maintained, that air ſupports fire as a 
 Pabulum, that is, that it actually parts with ſome 
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of it's ſubſtance to ſupply freſh matter, which in- 
creaſes, and becomes part of the fire. In the con- 
flict between the air and the fire, the fire is increaſed, 
and the air is diminiſhed; for as fire acts upon air, 
ſo air re- acts upon fire: the latter of theſe is well 
known, the former will be evident from experi- 
ments. | 8 

You may ſhew that air is diminiſhed by the 
proceſs of combuſtion, by throwing the focus of a 
burning lens on the combuſtible body, when con- 
tained in a glaſs receiver inverted in water; when 
the apparatus is grown cold, the water will be ſeen 

iſe up a ſhort way into the receiver. I have 
already ſhewn you, in Lecture IV, the diminution of 
air when candles burn under a receiver. Here are 
ſome receivers with mercurial gages adapted to 
them ; to render this effect more ſenſible, you have 
only to take care and place the receivers as expe- 
_ ditiouſly as poſſible overthe matters already kindled. 
We will place this receiver over this piece, and 
you will obſerve the ſame effects you noticed when 
we tried the flaming candle; the gage 1s firſt de- 
preſſed, and then riſes about an inch and an half. 
From theſe experiments, it appears that the 
larger and briſker the fire in equal ſpaces, let 
the fuel be what it will, the greater 1s the con- 
ſumption of air; and though different kinds of 
fuel may occaſion ſome critical differcnces, the 
general effect is from the air, and not from the 


fuel. „ 

I may now attempt to ſhew you what portion 
of air is abforbed, and which part of it furniſhes 
ſo much aſſiſtance in the combuſtion of bodies. 
You have already ſeen that fire, when in a ſtate of 
combination with any ſubſtance, does not give any 
ſigns of heat; and that the heat is greater, and it's 
effects more rapid, in proportion as more fire is ſet 
at liberty and diſengaged. I have alſo told you, 


chat atmoſpheric aixis formed of two aeri form fluids, 
| . | one 
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one of which, vital arr, is neceſſary to combuſtion, 
and without which it cannot be carried on, while 
the other, phlogiſticated air, is altogether impro- 
per for combuſtion; to the former of theſe then, 
or pure vital air, we muſt look for aſſiſtance fur- 
niſhed in combuſtion, and the air abſorbed. You 
know alſo that every aeriform fluid is ſuch, prin- 
cipally on account of the fire combined with it's 
baſe ; now pure air contains a great quantity of fire 
combined with it's baſe. In the act of combuſtton 


there is an influx of air to the heated body, at the 


ſame time that the heat applied to the combuſtible 
ſubſtance puts in action the-fire contained therein, 
breaks 1t's union with the ſubſtance, and weakens 


the aggregation of it's parts; the fire from without, 


or in the air, unites with the fire diſengaged from 
the ſubſtance, the pure air is thus decompoſed, it's 
baſe or oxigene unites with the burning body, 
while the fire, being alſo diſengaged, is united 
with the fire that commenced the inflammation. 
From hence there reſults an augmentation of heat, 
which diſpoſes a great number of particles of the 
burning body to combine with particles furniſhed 
by the air, with which it is continually ſupplied, 


and without this ſupply the fire would go out. In 
this ſeparation of the air, the fire combined with it 


eſcapes, and manifeſts itſelf by it's uſual characters, 
heat, light, and flame; and the more parts that are 
combined and fixed in a given time, the more fire 
will be diſengaged, and the more rapid and bril- 
liant will be the inflammation. 


In all combuſtion. vital air is 'decompoſed, | 


fire diſengaged, and conſequently heat produced ; 
the heat 1s greater or leſs according to the nature 
of the burning body; for according to the expe- 
riments of Meſſrs. Lavoiſter and De la Place, one 
ounce of charcoal conſumes, in burning, 4037.5 


cubic inches of vital air, and forms 3021.1 inches 


of 


- pedite combuſtion. 


_ teived only by thoſe who have ſeen it; the eyes 
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of fixed air. This ounce of charcoal conſumes 
then 3 0z. 4 grs. of vital air, and forms 3 oz, 


5 grs. of fixed air. | 
From what has been ſaid, it appears clearly, 


1. That combuſtion is eminently promoted by vital 


air, which maintains, combuſtion. 2. That the 
more fire 1s diſengaged, the ſtronger will be the 
heat produced. 3. That the beſt method of pro- 
ducing violent heat conſiſts in burning bodies in 
the pureſt air. 4. That fireand heat muſt be more 
intenſe as the air is more condenſed: and, 5. That 
currents of air are neceſlary to maintain and ex- 

You may from theſe principles eaſily account 
for the effect of the Argand or cylinder lamps; the 


current of air, which is renewed through the tube, 


ſupplies freſh air every inſtant, 'and by continually 
ſupplying a new quantity of vital air to the flame, 
a heat is produced ſufficient to ignite the ſmoke. 
In the ſame manner you may account for 
the vehement action of a blaſt. of air upon fire, and 
the parts of fuel. Some metals melt more eaſily 
than others; iron is a metal which requires, for 
fuſion, the utmoſt violence of fire: notwithſtanding 
this difficulty, let a bar of iron be laid in a ſmith's 
forge till it has got what they call a white heat; 


when it is as bright and ſparkling as it can be made, 
let it be taken out of the fire : then let a blaſt of air 
from a common pair of bellows be ſtrongly blown 


againſt the heated extremity of the iron, which, 
inſtead of being cooled by the blaſt, will become 


more white and ſhining than before, till by degrees 
it rolls about in a liquid form, ſending out brilliant 


ſparks in all directions, and falling with frequent 


drops to the ground. If a cannon bullet be heated 


in the like manner, by a large pair of forge bellows, 


it affords a glorious ſpectacle, which can be con- 


are 
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are dazzled with the ſight as when we look upon 
ceTine | „%%% ow os 
The ſmiths, whoſe buſineſs lies at the forge, 
are ſo well acquainted with this effect of a blaſt of 
air againſt ignited iron, that they cautiouſly avoid 
expoſing the metal too near to the noſe of their 
bellows. A fire-man, who is but green in his pro- 
feſſion, is very apt to be catched with this accident 
from his bellows, by which he utterly ſpoils the 
ſtuff he works upen, by giving it what they call 
the wind: rot. In theſe rapid combuſtions the 
ſame quantity of heat and light is produced in «a 
ſecond of time, as in the ordinary methods would 
require a much longer tine. 3 
This you will ſee pleaſingly exhibited in the 
next experiment, firſt made by Dr. Ingenhouz. I 
take this piece of fine iron wire, twiſted into a 
ſpiral; I fix one of the extremities to the cork at 
the top of the bottle, and to the other extremity a 
piece of tinder; I now fill the bottle with vital 
air, light the tinder, and introduce it and the 
wire as expeditiouſly as I can into the bottle, ſtop- 
ping it with the cork. The moment you ſee the 
tinder comes in contact with the vital air, it begins 
to burn with intenſity :. it has now communicated 
the inflammation to the iron wire, which has taken 
fire; obſerve how rapidly it burns, and what bril- 
ſiant ſparks it throws out; theſe fall to the bottom 
of the bottle, and though they become black in 
cooling, yet they retain a degree of metallic ſplen- 
dor. The iron thus burnt is more brittle than glaſs. 
With the aid of vital air Profeſſor Lichten- 


berger ſoldered the blade of a knife to a watch 


ſpring. Meſſrs. Lavoiſier and Erhmann have ſub- 
jected almoſt all known bodies to the action of fire 
maintained by vital air, and have produced effects 
which the burning glaſs could not have operated. 
Mr. Foſter, of Gottingen, found the light 
Vol, I. | 2 of 
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of the glow- worm ſo beautiful and bright, in vital 
air, that one ſingle inſect afforded light ſufficient 
to read a book Pr inted in a ſmall character. 


Or FLAME. 


In! his is in general conſidered as a luminous ya- 
pour, or in other words, as the vapour of a ſubſtance 
raiſed by fire, and heated to ſuch a degree as to 


emit light copiouſly. 


Bodies are capable of emitting flame only in 
proportion to the quantity of vapour that riſes from 
them: thus wood, coals, &c. which emit a great 
quantity of vapour, flame violently; while lead, 
tin, &c. which emit but a ſmall fume, can ſcarce 
be perceived to flame at all. | 

To this rule there are, however, ſome ex- 
ceptions; ſome vapours ſeem to be in their own 
nature uninflammable, and capable of extinguiſh- 
ing flame, as thoſe of water, as the mineral acids, 
fal ammoniac, arſenic, &c. while others, as ether, 
fpirit of wine, &c. take fire on the ſlighteſt ap- 

roach of a flaming ſubſtance : the laſt exhibit a 
remarkable phenomenon, as they cannot be made 


to flame without the approach of ſome ſubſtance 


previouſly in flames: thus, ſpirit of wine poured on 


a red-hot iron, though immediately diſſipated in 


vapour, will not flame; but if a burning candle 
touch it's furface, the whole is ſet in a flame at once. 
The caſe is however otherwiſe with oils, eſpecially 
of the groſſer kind, for their vapours will readily 
be changed into flame by the mere increaſe of heat, 
without the approach of any flaming ſubſtance, 
There is probably, however, no kind of va- 
our but what may be converted into flame, pro- 
vided it be expoſed to a ſufficient degree of heat. 
Even the vapour of water, made to paſs through 
burning oats is faid to produce a bright ſtrong 
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fame. It has been conjectured that when ſmoke 
is converted into flame, the latent fire, which 


had combined with the vapour, is diſengaged, and 
adds to the quantity of ſenſible heat already mani- 
feſted. . | a 
If a veſſel full of oil be ſet over a fire, a ſmoke 
or vapour begins to riſe from it, which grows gra- 
dually thicker and thicker, and at laſt begins to 
ſhine at ſome places near the ſurface of the oil; the 
heat does not exceed 400 degrees of Fahrenheit: 
but if a lighted candle be held in the ſteam for a 
moment, the whole is immediately converted into 


flame with ſomething like an exploſion, after which 


the oil burns quietly until it is all conſumed. 

Or TEE FLAME or CanpLies. _ 
This ſubject has been already very well conſi- 
dered by Mr. Nicholſon,* from whom we find that 
wax, being already combined with a portion of 
vital air, does not burn with ſo luminous a flame 


as tallow or oil; but that it poſſeſſes a very great 


advantage in the fabrication of candles, becauſe it 
requires a greater degree of heat to melt it than 
either of the other two ſubſtances. „ 

To underſtand this advantage, you muſt con- 
ſider that oils do not take fire unleſs they be previ- 
ouſly volatilized by heat: the oil riſes between the 
fibres of the wick by what is called capillary at- 
traction. Heat is applied to the extremity of the 
wick, which volatilizes and inflames a portion of 
the oil; as this is diſſipated by combuſtion, another 
portion riſes and ſupplies it's place, by being heated 


and inflamed : in this way a, conſtant combuſtion ' 


is maintained. A candle differs, however, from 
a lamp, in one very eſſential circumſtance, that 
the tallow is liqui fied only as it comes to be in the 
vicinity of the conflagration, and this fluid is re- 
| 81% 21 ED 97+ tained 
Nicholſon's Firſt Principles of Chemiſtry, p. 487. 
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tained i in the hollow of the part which is ſtill con- 
crete, and forms a kind of cup. To carry this fluid 
off as faſt as it is formed, it is neceſſary to have a 
thick wick, otherwiſe the oil will run down the 
ſides of the candle; but as wax is not ſo fuſible as 
tallow, the wick of a wax candle may be made 
much thinner than one made of tallow. 

Let us obſerve the difference in the appear. 
ances produced by a thin and a thick wick. You 
obſerve that in this candle with a thick wick, 
ſnuffed ſhort, the flame is perfect and luminous, 
(which will be the caſe, unleſs the diameter be very 
great, when there is an opake part in the middle, and 
where the combuſtion is impeded for want of air). 
As the wick becomes longer, the ſpace between the 
top of the wick and the top of the flame is dimi- 
niſhed ; conſequently the oil paſſing off at that ex- 
tremity having leſs ſpace of ignition to paſs through, 
is not ſo completely burned, and paſſes off partly 
in ſmoke: this evil continues, to increaſe until at 
length the upper part of the wick projects beyond 
the flame, and forms a ſupport for an accumulation 
of ſoot, which is afforded by the imperfect com- 
buſtion. A candle in this ſituation affords ſcarcely 
one tenth of the light which the due combuſtion 
of it's materials would produce ; and tallow can- 
dles, on this account, require continual ſnuffing. 
But on the other hand, if you obſerve this wax 
candle, you obſerve that as the wick lengthens, the 
light indeed becomes leſs, and the cup is filled 
with melted wax. The wick, however, being thin 
and flexible, does not, as you ſee, long occupy it's 
place in the center of the flame, neither does 1t, 
when there, enlarge the diameter of the flame, ſo 
as to prevent the acceſs of air to the internal part; 
but bending on one fide, when it's length is too 
great for it's vertical poſition, it's extremity comes 
into contact with the air, and is burned to aſhes, 

e excepting 
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excepting only ſo much as is defended by the con- 
tinual afflux of melted wax, which is volatilized 
and completely burned by the ſurrounding flame. 
We ſee, therefore, that the difficult fuſibility of 
wax renders it practicable to burn a large quantity 
of fluid by means of a ſmall wick; and that this 
ſmall wick turning on one fide, in conſequence of 
it's flexibility, performs the office of ſnuffing itſelf 
in a much more accurate manner than 1t can ever 
be performed mechanically. | | 
Some further conſiderations on a ſubject ſo 
intereſting, and ſo often before mentioned, will I 
hope not prove unacceptable. : | 
When a candle is for the firſt time lighted, 
(which muſt be done by the application of actual 


flame) a degree of heat is given to the wick, ſuſh- 


cient firſt to melt, and next to evaporate the tal- 
low ſurrounding it's lower ſurface; and juſt in this 
part the newly generated vapour is, by admixture 
with the air, converted into a #/ue flame; which 
almoſt inſtantaneouſly encompaſſing the whole bo- 
dy of the vapour, communicates ſo much heat to 
it, as to make it emit a yellowiſh white light. 
The tallow now liquified, as faſt as it boils away 


at the top of the wick, is, by the capillary attrac- 


tion of the ſame wick, drawn up to ſupply the 
place of what is evaporated. The congeries of 
capillary tubes, which forms the wick, is black, 
becauſe it is converted into coal; a circumſtance 
common to 1t with all other vegetable and animal 
ſubſtances, when the oil which enters into their 
compoſition having been decompoſed by combuſ- 
tion, the more fixed part is by any means what- 
ever covered and. defended from the action of the 
alr. In this caſe, the burning ſubſtance owes it's 
protection to the ſurrounding flame. For, when 
the wick, by the continual waſting of the tallow, 
becomes too long to ſupport itſelf in a perpendi- 
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cular ſituation, the top of it projects out of the 
cone formed by the flame, and thus being expoſed 
to the action of the air, is ignited, loſes it's black- 
neſs, and is preſently converted into aſhes. 

The part of the flame which comes into con- 


tact with the air, appears of a blue colour, 


The inner part of the flame differs from the 
outer, in being much denſer, and emitting a ſtrong 
yellowiſh white light, which has been called the 
light of ignition; while on the ether hand, the 
blue has been ſuppoſed to conſtitute the light of 
inflammation. Theſe two parts of the flame, dif- 
fering not only in colour, but almoſt in every other 
property, ought to be difcriminated from each 
other by different epithets. The interior part may 
be confidered as (what it really is) an ignited bo- 
dy, and the light emitted by it may be called the 


light of ignition; while that proceeding from the 


exterior portion, may be denominated the light of 
combuſtion, for it is properly in this part of the 
flame, that the proceſs of combuſtion. is carried 


on, and by that means a 7eriium quid produced; 


the ſucceeding phenomena being rather ſequels tb, 
than making part of this proceſs. When more 
vapour aſcends than can combine with the air in 
a given time, the remainder by the continued ac- 


tion of the blue flame ſurrounding it, ſuffers an 


4 - 


accumulated degree of heat, and 1s 1gnited, 


%% DF TMOQOIION; * 

It will be proper here to take nor\Doc a 
principle which modern chemiſtry aſſumes, as ne- 
ceſſary to the exiſtence of inflammable bodies, as 


that which renders them ſuch, or in other words as 


the principle of inflammability. The French che- 
miſts have indeed lately attempted to. prove from 
the. production, of water, when inflammable 150 
* | © Os vita 


> „This 1 will be conſidered more fully when we treat 
of claſtic fluids. 


1 1 * 


; 4 5 0 .! y . ðͤ 1, 6 206. I 


1. FG WT v 


= 


. NavorE and PropERTIES or FRE. 343 


vital air are mixed in due proportions, and kin- 
dled in a cloſe veſſel, that there was no ſuch prin- 
ciple as phlogiſton; and they have endeavoured 
to propagate and maintain their inference by coin- 
ing new terms, and forming a new language, to 
render their opinions univerſal, and ſubjugate the 
mind of man to their tenets. How far there is any 


foundation for their diſcarding phlogiſton, reaſon- 


ing from their own experiment will be, I hope, 
rendered evident, by the following part of this 
Lecture; which is principally extracted from Dr. 
Hutton's D iſſertations on different ſubjects of 
Natural Philoſophy.“ We e e 
If you with to ſee the errors in their reaſon- 
ing, the falſity of their principles, and the vanity 
and weakneſs of their aſſumptions fully proved, I 
muſt refer you to the excellent letters publiſhed by 
Mr. de Luc, in the Journal de Phyſique for 1790, 
1791, and 1792. 85 | 
Not content with the diſcoveries they. had 
made, they have endeavoured to explain combuſ- 


tion upon a miſapplied and erroneous principle. 


They aſſert in theory, though they contradict the 
aſſertion in explanation, that vital ain contains 
in itſelf the principle of fire, and that it is the fire 
lurking therein, that immerges upon the combina- 


tion of this air with the particular ſubſtance of 


the burning body. Placing the light and heat all 
in the vital air, they conſider the phlogiſtic prin- 
ciple exiſting in the body itfelf as unneceſſary, and 
have therefore proſcribed it, in their tyrannical 
arrangement of the ſubject. ee FORT Bad 
I think the conſiderations Iam going to lay be- 
fore you, will prove, that their theory does not 
explain the principal appearances for which the 
term phlogiſton has been adopted in ſcience, and 
that they have therefore been only introducing ers- 
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ror, by imputing certain effects to improper and 
inadequate cauſes. | 
I!he doctrine of phlogiſton, as > underſtood by 
modern chemiſts, implies, that a quantity of fire, 
or the matter of light and heat, 1s occaſtonally con. 
tained in bodies as a part of their compoſition; and 
that theſe bodies poſſeſs this naturally diffuſive 


_  fubſtance, upon @ different principle from that if 


heat, or 7 other beſides this, which is peculiar 
to itſelf. Theſe bodies are called ein 
bodies. 

Phlogiſton, thus conſidered, n to form a 
ſubſtance ſui generis, differing from every other 
fubſtance in a body. It may be conſidered as a trea- 
ſure within them of light and heat, to be diſpenſed 
in the abſence of the ſun, both for che various pur- 
| Poſes of neceſſity and convenience, in the ceco- 
nomy of the world. | 
i: Dn" the ſuppoſition of ee, the light 


which is propagated from a burning body, belong- | 


ed to that body, and made part of it's ſubſtance. 
; Inflammable bodies loſe their luminous ſub- 
ſtance in burning, after which they can by no means 
be kindled, unleſs their luminous ſubſtance be 
again reſtored to them, which is done by the che- 
mical action of another phlogiſtic body on the 
remains of the firſt. - But here alſo the ſecond bo- 
dy is deprived of it's phlogiſtic qualities, while it 
_ reſtores them to the firſt ; and becomes as incapa- 

ble of emitting light and hear in the way of inflam- 
mation, as if it had already undergone that proceſs 
in the moſt complete manner. Examples of this 
are found in the burning of zinc, of phoſphorus, 
and ſulphur; for after theſe bodies have loſt their 
light and inflammability, theſe may be again re- 
ſtored by means of a certain quantity of charcoal, 


which is thereby conſumed, or loſes it's combuſti- 
© -- - principle. 
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From the important changes produced in an 
inflammable body by burning, as well as from the 
amazing quantity of /ight emitted in that opera- 
tion, it is inferred, that the body has loſt 4 great 
and material part of ic's ſubſtance. It is allowed, 
that bodies in burning or calcining are combined 
with a large quantity of atmoſpheric matter, which 


changes all their ſenſible qualities; but it is alſo 


contended, that they are more changed than what 
they ought to be from the additions they have re- 
ceived, or the new combinations which have been 
formed. 7 e 

As the weight of bodies is not diminiſhed by 
burning, it may therefore be juſtly ſuppoſed, that 
there is in the conſtitution of inflammable bodies 
a peculiar ſubſtance productive of their eminent 
qualities, a ſubſtance ' diſtin? from all matter that 
gravitates, yet a ſubſtance by which our organs of 
ſenſation are immediately affected. | 


Tus Reatriry or PHLOGISTON PROVED BY 
| DCOM POSITION of WATER. 


In the well conducted experiment of Mr. 
Lavoifier, we will ſuppoſe for the preſent the 
analyſis of water to be well eſtabliſhed ; but in 
thoſe. experiments, by which the compoſition 
of water is made to appear, the phlogiſtic prin- 
ciple will be found alſo to have acted it's part, and 
you- will find this elementary ſubſtance in that 
very operation by which the compoſition of water 
was detected. | 


. — 


here are ſome circumſtances concerning this 
important experiment, which ſeem to have eſcaped 
the attention of the excellent chemiſts Who made 
it, the negle& of which renders their theory im- 
pertect, their reaſonings inconcluſive. 


J 
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In this inquiry, we abſtain as much as poſſible 
from every thing foreign to the ſubject of phlo- 
piſton, and we only inquire into the nature of wa. 
ter, ſo. far as the production thereof is connected 
with the decompoſition of that particular phlogiſtic 
body we are to examine; we therefore need not 
conſider the truth of their theory, relative to the 
nature and conſtitution of water. The doctrine of 
phlogiſton is as independent thereof, as it is con- 
trary to their deductions from the theory of water. 

One unknown principle, or element of water, is 
contained in the inflammable air ; the other ele- 
ment of water, the acidifying principle, is 1n the 
pure vital air; that is, there are in vital air and in- 
flammable gas, two ſubſtances cxtremely attrac- 
tive of each other, which when ſuffered to unite, 
ſaturate each other, and form a ſubſtance perfectly 
different from 1t's conſtituent parts. | 

Or to be more particular, that inflammable air 
and vital air being mixed in due proportion, and 
this mixture k/ndled in a cloſe veſſel, the two elaſ- 
tic fluids diſappear, and a quantity of water equal 
to the weight of the two bodies which were inclo- 
fed, is found in the veſſel after cooling. From 
hence it has been concluded, that water is compo- 
ſed of vital and inflammable air, and that there 1s 
not required any phlogiſtic ſubſtance, in order to 
explain the phenomena of burning. | 

That there is an immenſe produQtion of light 
and heat, where the two conſtituent principles of 
water are united, is allowed; and hence moſt che- 
miſts are perſuaded of the exiſtence of a combina- 
tion of fire with the compoſing parts, different from 
what is called latent fire, and conſtituting what 
they call phlogiſton. This is explained in the 
French theory, by the term calorique, uſing the 
term here, as nearly ſynonimous to latent fire. 
But in this ſenſe, the explanation is — 
4 07 
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ſor the common doctrine of latent fire does not 
ſeem ſufficient for the ſolution of the phenomena. 
For the materials mixed in this experiment do not 
unite without inflammation, and when made to 
unite, by being kindled, there are certain appear- 
ances not to be explained by the theory of latent heat. 

Now here it becomes an object of inquiry, 
what ingredients, vital and inflammable air con- 
tain, which prevent their union. Conſiſtent with 


what is known of the laws of nature, this cannot 


be attributed to their latent fire. 

It is by this that they are maintained in their 
elaſtie ſtate ; it cannot therefore be ſuppoſed, that an 
increaſe of elaſticity, and-of courſe latent fire, can 
be any means of ſeparating that fire; that when 
more is wanted to maintain them in that ſtate, what 
they have already ſhould be ſeparated from them, 
or even that an increaſe of lenfible heat ſhould. be 
the cauſe of ſeparating the latent fire. 

There is, indeed, no foundation for ſuppoſing 


that the conſtituent parts of water in this experi- 


ment are before inflammation kept ſeparate by la- 
tent fire; but that they are combined with. other 
fulftances;i in. ſome particular ſtate, by which their 
natural union is deſtroyed. This leads us to exa- 
mine what happens, when by inflammation the 
infammab le ſubſtance is deſtroyed, and the two con- 
ſtituent parts of water are united together. 

Of all the operations of man exerting his {kill 
in nature, the inflammation of combuſtible bodies 


is moſt worthy of attention. From a ſmall quan- 


tity of matter, he produces an immenſe power of 


heat; from nothing almoſt he makes an artificial 


ſun, and diſpenſes light without the aid of any 

thing, but what is in the CONDPRBION of the body 

to be burned. - 12 40 25 

1 hae: 15 75 5 man ee on-this occaſion; ? 

He giveth the ſpark, and all the reſt is done by 

nature, An A quantity of light and heat is 
thus 


v 
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thus produced, and the. greateſt poſſible change 
takes place in what remains. The light and heat 
which before had been in the combuſtible materi. 
als, are now diſperſed in the univerſe, and what 
remains of thoſe bodies, has loſt the power of pro- 
ducing light and heat. 

Here is a fource of power of which man has 
availed himſelf ; by knowing the laws of nature, 
he rends the hardeſt rocks, and raiſes rivers of wa- 
ter from the bottom of his mine, by the action of 
heat produced in the inflammation of combuſtible 
bodies. 

But no ſooner i is the combettion completed, 
than the body has /of? it's power of inflammation, it 
is left a maſs of gravitating matter, no longer ſer- 
viceable to man as an addition to his natural 
ſtrength. How then is the body to recover this 
power? It was by emitting heat and light, that the 
burning body loſt it's power; it was by applying 
fire, that the decompoſing operation was excited. 
We cannot therefore look for the reſtoration of 
that power by means of fire or heat. Nothing but 
the operations in nature can reſtore again that pow- 


er, by ſupplying it with a phlogiſtic ſubſtance, 


again to be conſumed, by which a body is formed, 
which may in a ſimilar manner be terviceable 
to man and the world. 

Light and heat haye been ſeparated on the uni- 
on of the two airs in forming of water, and there 
is no reaſon for preſuming that the latent fire was 
the cauſe, which prevented their union ; and fur- 
ther on inquiry it will be found, that there is no 
reaſon to ſuppoſe, that the. matter ſeparated, and 
acting as heat and light, was what had been retain- 
ed before as latent fire. 

Tphat the latent fire of theſe aeriform ſubſtances 
would be ſufficient to heat a ſolid body, equal to the 


moſt intenſe degree of incandeſcence, w1ll be po 
| | dily 
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dily granted. But you muſt remember in the caſe 
before us, that where the water is formed, and 
heat appears, the two acriform fluids, or rather the 
water into which they are changed, does not con- 
crete into a ſolid ſubſtance, but is at firſt in the 
form of a vapour or ſteam, which occupies 
as much ſpace as the two aeriform fluids did, be- 
fore they acted on one another, and ww2// therefore 


require the whole, or nearly the whole of their latent 


fre, to give it that form, without being made ſen- 
ſibly hotter than they were before; but the flaſh, 
and other phenomena in the operation, ſhew that 
there is a ſudden manifeſtation of heat, when the 
' watery vapour is formed. This cannot be pro- 


duced by this latent fire, which only becomes ſen- 


fible, when the fluid containing it is condenſed 
or congealed. 

Latent fire cannot be the cauſe of the al. 
mation which takes place upon the compoſition of 
water, for on this ſuppoſition, they muſt have 
emitted the light and heat, either in their conden- 
ſed ſtate of water, or in the ſtate of vaporific ex- 
panſion. If in the condenſed ſtate, the luminous 
body muſt be exceeding ſmall, which is not the 
caſe, being a great flame. If on the other, they 
emit it in the expanded ſtate, they emit a quantity 
which we cannot ſay was their latent fire, for their 
elaſtic fluidity ſtill ſubſiſts, to which ſtate it is ab- 


ſolutely neceſſary. It muſt therefore proceed from 


ſome other modification of the ſolar ſubſtance or 
fire in their bodies, which may with propriety 
be called a phlogiſtic ſubſtance, before it's emiſſion 
from theſe acritorm bodies, as it is certain fire 
the moment ic is ſet at liberty. 

Beſides, there are ſolid denſe ſubſtances (as /u/- 
pbur and iron) which can be ſuppoſed to hold but lit- 


tle latent fire, which, when they are kindled in vital 


air, emit apparently as much light and heat as if 
they 


A 


un 
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they had been ſubſtances in an extremely expanded 
ſtate: ſo that if latent heat be the cauſe, it muſt he 
attributed to the air alone; on which unreaſonahle 
ſuppoſition, the inflammable air in the experiment 
we have been conſidering would contribute nothing 
to the production of light and heat. 
According to the French theory, charcoal is 
confidered as an uncornpounded ſubſtance, which, 
in burning, is ſuppoſed to be ſimply combined 
with vital air; here alſo the light and heat produ- 
ced in burning the charcoal, remain to be explain. 
ed; for here, inſtead of finding an expanſive fluid 


rendered concrete, we find a ſolid concreted 


ſubſtance expanded into the elaſtic form of fixed 
air. We have therefoie to inquire how, on the 
new. theory, they can account not only for the 
light and heat of burning, but for the latent fire 


required to maintain the elaſtic fluid. It muft 


explain the creation of the light, the ſenſible heat, 
and the latent fire. 910 

If more were neceſſary on this head, I might 
refer you to Mr. Berthollet himſelf, the founder 
and ſupporter of the French ſyſtem. In his trea- 


tiſe on the art of dying, he owns “that the receiv- 


ed principles of heat can only be conſidered as ſup- 
poſitions. After this confeſſion, it is to be hoped 
the advocates for the new theory will be more 
modeſt, and not ſo haſty, as to conſider it demon- 
ſtrated. Again, we find him own in the ſame 


work, that © the heat of combuſtion does not pro- 
cced folely from the vital air, but is alſo furniſhed 
by the burning body.“ | 


This is confeſſing all that we contend for, 
namely, that in combuſtion the ligbt and heat is 
furniſhed partly by the combuſtible body, partly 
by the vital air; but the greateſt quantity by the 
combuſtible body. Thus is the diſpute reduced to 


ene of words, and as far as relates to. this Rom 
| the 
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the calorigue combine is nothing more hari phlogiſ= | 
ton, or the inflammable principle. 1 
Before I conclude this part, I ſhall lay before 1 
you a paſſage of Mr. de la Metherie, which con- 
firms what has been already mentioned; namely, 
that it is not the latent fire that ſupports the elaſtic | 
h ſtate of vital air. He firſt ſhews that this aſſertion 
is contrary to their own theory, the proof of which 
would lead me into an unintereſting detail; he then 
ſhews that the effects of vital air cannot ariſe from 
the combined caloric, which renders this air elaſtic; 
| for there are numerous phenomena where vital air, 
| not being in an elaſtic ſtate, produces the ſame 


effect. The vital air in the nitrous acid, in the 
dephlogiſticated marine acid, and in metallic calxes, 
is not in an elaſtic ſtate, yer produces the ſame 
effects as when it is. All the combinations of 
| nitre with combuſtible bodies burn with activity. 
, What a quantity of light and heat is diſengaged 
from gunpowder by the ſmalleſt ſpark! If the 
powder be made with dephlogiſticated marine falts, 
: it will inflame and explode merely by friction, &c. 
N &. M. de la Metherie brings forward many 
other important inſtances to prove the ſame point. 
: | ſhall mention but one more: the caloric (fire) that 
f keeps vital air in an elaſtic ſtate, does not differ 
from the caloric which ſupports other gaſſes in the 
ſame ſtate; why do they not alſo exhibit light 
and heat when they loſe their elaſtic ſtate? From 
theſe reaſons it is plain, that we muſt not con- 
0 ider the effects of vital air in combuſtion as owing | 
to the combined fire, which 1s the cauſe of it's 
elaſticity. 

Senfible heat and latent fire are anitually con- 
vertible; but from what has been ſaid, as well as 
from other reaſons, it ſeems clear, that there is not 
a ſufficient quantity of commutable fire in vital air 

' to explain the INCARGUICEREE of bodies; and con- 
ſequently, 


j 
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ſequently, that they do not burn on account of 
latent fire. But I ſhall alſo now ſhew you, that 
when bodies emit light, in conſequence of the de. 
compoſition of their phlogiſtic ſubſtance, this 
luminous matter had not been derived immediately 
from any ſpecies of heat; but that it is a luminous 
emanation proper to the decompoſition of phlo. 
giſtic ſubſtance, and is the ſenſible effect and proof 
of that operation. | 

This is proved, firſt, by ſhewing that when 
inflammable bodies in a ſtate of vapour are kindled, 
it is not the vapour heated to incandeſcence that 
emits the light, but the intenſe illumination that 
gives the beat. Secondly, bodies which have no 
more than the common temperature of the atmo- 
ſphere, may emit light by the emiſſion of their 
phlogiſtic ſubſtance. (RE. 
Nov by conſidering the flame of a candle, you 
will find proofs of the firſt caſe. For if it be the 
emiſſion of light which heats the elaſtic fluid in 
contact with the luminous body, we ſhall find a 
ſteam of intenſely heated vapour aſcending along 
the flame of the candle, without having the power 
to emit light. That this is the cauſe, you may eaſily 
prove. Take a ſmall bit of clay, like a grain of 
corn, ſuſpend it by a ſlender wire above the flame 


of a candle; and let a ſcreen be placed near the 


candle, ſo as to hide the flame; and you will per- 
ceive that the ſtream of heated air, which has no 
power of illumination, will heat the little body 
to incandeſcence at a conſiderable diſtance above 

c Pp | 
Light may be emitted on the decompoſition 
of phlogiſtic ſubſtances, not only without ſufh- 
cient, intenſity of heat to form incandeſccnce in 
any body, but without any perceptible increaſe of 
heat in the body, which is to emit the light. 
| | Examples 
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Examples of this may be taken in living ani- 
mals, which have a power of emitting light; alſo in 
the dead bodies of animals and vegetables going to 
decay. It is alſo well illuſtrated by a chemical 
ſubſtance, phoſphorus; no body burns more fiercely 
than this, when it is kindled. _Yet it may be 
decompoſed by atmoſpheric air, without burning 
in the ordinary manner, that is, without acquiring 
any ſenſible degree of heat, far leſs of one capable 
of cauſing incandeſcence: this change however is 
not effected without the body emitting it's phlogiſ- 
ton in the form of light. Now where are we to 
ſeek for this luminous matter, but in the reſolution 
of the phlogiſtic ſubſtance? I have ſhewn that at- 
moſpheric air does not give it in the form of com- 
mutable latent fire. It does not proceed from the 
increaſed degree of ſenſible heat; we are therefore 
conſtrained to believe, that in the decompoſition 


of the phlogiſtic body, the ſolar ſubſtance which 


had been detained in the phlogiſtic compoſition is 
liberated, and eſcapes in the form of light. 

Thus it is plain, that phlogiſtic bodies contain a 
certain quantity of the matter of light and heat, in a 
different flate from that in which the ſame matter is 
employed, either in the fluidity or expanſion of bodies, 
and which is not transferable in the manner of ſenſi- 
ble heat; and this may be properly termed their 
PHLOGISTIC PRINCIPLE. 

That this ſubſtance has not weight, can only be 
received as an objection by thoſe who admit the 
univerſality of gravitation in matter, but can have 
no influence upon thoſe who deny this principle. 

From what has been ſaid we may now gain a 
clearer view of the different modifications or ſtate 
of the matter of heat and light in bodies. — 

Senſible heat is fire in a ſtate in which it is 
transferable among bodies communicating together 
by immediate contact; every additional quantity in- 

7 creaſes 
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creaſes the volume of the body, the abſtraction of 
it diminiſhes the volume; it alſo produces in ſen- 
fitive bodies, the ſenſation of heat and cold. 
Latent fire 1s of two kinds ; that of fluidity, 
and that of elaſticity. The heat of fluidity is that 
quantity or modification of fire, which, without 
either affecting the volume or the ſenſe, cauſes flu- 
idity; that is, converts a hard concreted boly into 
a fluid deſtitute of hardneſs or concretion. This 
has nothing to do with the preſent caſe, as the bo- 
dies are equally fluid, before and after burning, 
The heat of fluid elaſticity is that portion of 
the commutable and transferable ſubſtance of ſen- 
fible and latent fire, which, inſtead of increaſing 
the volume in a ſmall degree, or deſtroying the 
hardneſs, ſeparates it's parts indefinitely, and by 
which they acquire an elaſtic and expanſive power, 
You. have ſeen that the heat of burning bodies 
does not ariſe from the latent or expanding heat of 
the oxygenous gas. Frey | 
I) his famous experiment of burning the twoairs 
in the forming of water, ſhews that the ꝓhlogiſtic 


matter in the compoſition of bodies neither adds 


to their gravitation, nor impairs their weight; for 
in this experiment, the quantity of light and heat 
is ſo great a thing in proportion to the weight of 
the inflammable bodies, that, if this fugitive ſub- 
ſtance had any effect upon the gravitation of thoſe 
bodies to the earth, it muſt have been ſenſible up- 
on this occaſion. . 

Bodies which poſſeſs the quality of being emi- 
nently reſolvible in giving light, are called inflam- 
mable, or combuſtible bodies; but as it 1s often ne- 
ceſſary to give a name to this transferable ſubſtance, 
chemiſts have termed it phlogiſton. 


Or THE PRODUCTION OF PHLoGISTON. | 
As phlogiſtic bodies loſe their peculiar ſub- 


ſtance by a gencral and neceſſary operation, 3 
N | Fn mu 
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muſt be another, or contrary: operation in nature, 
whereby they regain it. For as this ſubſtance, 
whatever it be called, is waſted in burning of bo- 


dies, there muſt be another operation by which it 


muſt be renewed. as 
It is inanimaland vegetable ſubſtarices that we 
muſtſeek for this productive operation; for water is 


not more eſſential to the conſtitution of theſe orga- 


nized bodies, than phlogiſtic matter by which they 
may be made to burn. | 


Phlogiſtic matter is abſolutely nec eſſary to ani- 


mal life, for animals muſt have a ſource of heat, 


which in the œconomy of their nature muſt be in 
petpetual waſte : of the deſtruction of phlogiſtic 


ſubſtance, the conſumption of vital air, which ne- 
ceſlarily happens in the breathing of animals, is 4 
ſufficient proof. This vital principle of the at- 


moſphere performs the ſame function in the lungs. 


of animals, as in the experiment by which the rege= 
neration of water appears to be ſo beautifully 
proved. Here then is alſo a waſte of atmoſpheric 


ar, which muſt be again reſtored to the ſyſtem of 


nature. | | 
Animal bodies, in whoſe operations phlogiſton 
is conſumed, are ſupplied immediately with this 
ſubſtance for their food. But as all animals 
are ultimately fed on vegetable ſubſtances, we 
are led to look to vegetation, or the proceſs by 
which theſe ſubſtances.are produced. It is here we 
are to diſcover the ſource of this transferable ſub- 


ſtance, which plants ſupply in feeding animals, and 


m_ animals conſume in the production of their 
TE 5 
Next after animal life, in the conſideration of 
Divine Providence, is placed the vegetable ſyſtem. 


The earth is beautifully contrived for their ſupport, 


and the proper object of the mineral kingdom 
would appear to be the preparation of a ſoil, in 
ere 422 | which 
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which plants are to be ſuſtained. * The ſolid rock, 
the moveable ſand, the fluid wind, are all equally 
adapted to the fervice of the vegetable ſyſtem; a 
fyſtem ſo contrived, as to find in every climate 
proper ſoil, as well as in every foil proper ch. 
PS . | 
But ſoil alone will not ſupply the neceſſaries 
of life to vegetable bodies; the wholeſome influ- 
ence of the air is as neceſſary to them as to animals, 
although it ſeems to act on each in a different man. 
ner. We have now therefore to examine how far the 
air corrupted, in it's neceſſary uſe by animals and 
burning bodies, ſhall be reſtored by that operation 
of a plant, in which the air is required as a neceſ- 
fary condition. Tf 

That the atmoſphere is purified by growing 
vegetables, was a natural conjecture; this is now 
verified by the accurate experiments of Dr. Ingen- 
howz, and the beautiful theory of Mr. Lavoifier, 
on the compoſition of water. By theſe we find, 
that in vegetation, phlogiſtic' matter 1s prepared, 
and vital air given out. = 
Plants muſt receive their phlogiſtic matter, ei- 
ther ft, from the ſoil into which their roots extend; 
or 2dly, from the atmoſphere in which they grow; 
or 3dly, muſt generate it within themſelves, by 

meafis of materials received from without. 
With reſpect to the firſt means, it is well 
| known, that the fertility of vegetable ſoil is ex- 
tremely increaſed by the addition of phlogiſtic ſub- 
ftances, ſuch as are found 1n animal and vegeta- 
ble bodies; but theſe being ftill ultimately of 
vegetable production, it would be in yain to look 
here for a ſource of phlogiſton to repair the gene- 
ral waſte. | 5 8 
Leet us now therefore ſee, what ſupplies may be 
obtained from the atmoſphere ; and Here we ſhall 
turn our view towards the influence of light, = 
. ; . „„ 4% . | t — 
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| the phlogiſtication of vegetable bodies. When 


you ſurvey the earth covered with ſuch various 
tribes of plants, and when you obſerve the differ- 


ent foliage of thoſe organized bodies, extended 


with ſuch art as if deſigned that no ray of light 
might eſcape without paying it's tribute to vegeta- 
tion; and when you join to this, the faculty that 

lants have of turning their leaves always to the 
light ; ſhould we not then conclude, that the expo- 
ſing a large ſurface to the atmoſphere for perſpira- 
tion is not the only purpoſe for which the foliage 
of plants, correſponding to the lungs of animals, 


has been intended. 


But more than probability is obtained, when 
we conſider the invigorating power of light on 
plants, independent of the effects of heat and air, 
and the neceſſity of this luminous ſubſtance, though 
not to the life or vegetation of plants, yet to the 
proper increaſe and production of vegetable ſub- 
ſtances. Here then 1s the place, where the com- 
bination of the ſolar ſubſtance is made for the pro- 
duction of phlogiſtic matter. „ 

To be perfectly aſſured of this, let us examine 
whether there is any effect proper to phlogiſtic 
matter, which uniformly attends the expoſition of 
vegetable bodies to the ſolar light, and exiſts only 
in conſequence of this illuminating cauſe. Now 
there is no effect of phlogiſtic matter in bodies 
more certain, than colour, or. blackneſs, by which 
the incident light is more or leſs abſorbed. in the 
ſubſtance of a body, Hence the production of a 
coloured ſubſtance in a body which was not. co- 
loured before, may be conſidered as an evidence 


that phlogiſtic matter has been compoſed in that 
body. But this is the caſe with plants; they only 
grow coloured, or acquire the green colour of 

their leaves, in conſequence of being expoſed to 


the light. 
| MST: This 
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This Thohring ſubſtance is not produced in 
conſequence of vegetation alone; for plants may 
vegetate in the dark, without acquiring this co. 
lour. It is not the effect of heat, like the black- 
neſs roduced in a white ve getable' ſubſtance, 
Peel in the focus of a bùrnin 57 Nas, becauſe plants 
Re in the dark, may ave equal, or more 

eat, than thoſe growing in the  hghr, without 
acquirin any coloured ſubſtance. ' 

This theory may be confirmed alſo by obſerv- 
ing the effects of the ſun's rays upon dead and liy- 
ing plants. To the living bodies, it's effects are to 

ive colour; on the other to diſcharge it. It is in 
the organized body of the living plant, that phlo- 
iſtic matter is formed by the combination of the 
ier ſubſtance. 2 
' "If you find the refiGkibithy of vital air in the at- 
moſphere, - proceeding in the ſame progreſſion with 
phlogiſtic ſubſtance, you may conclude that this is 
the means employed by nature in re-eſtabliſhing the 
ſalutary quality of the atmoſphere. This and other 
truths are proved by the farisfaQtory experiments 
of Dr. Ingenhouz. 
Plants growing in the fun, emit from their leaves 
a pure vital air, whereas growing in the dark, the 
roduction of this ſubſtance, as well as that of « co- 
four is interrupted, 
hus as in the decompoſing of phlogiſton, 
whether by breathing, or by burning, the atmo- 
ſpheric air is corrupted ; ſo again, on compounding 
phlogiſton, by the growing of vegetable bodies 
expoſed to the light, the armoſphere i is reſtored to 


it's nature. 
So much beauty of order and contrivance have 


been diſcovered in the economy of animal and 


vegetable bodies ſuſtaining themſelves in forming 


2 certain circulation of matter, and employing the 
: great, 
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great, the general agents of this world, AIR, LIGHT,. 
HEAT, that nothing can be more intereſting or 
important in the ſtudy of nature. 

It may be neceſſary to examine an objection 
which may be made to this theory, from the expe- 
riments of Sir Benj. Thompſon, who procured pure. 
vital air in great quantities by expoſing ſilk and 
various other bodies in ſunſhine to the water. His 
experiments, when conſidered, will be found to 
give additional proof to this theory; he does in- 
deed ſnew another ſource for vital air beſides what 
is procured from the vegetation of the incloſed 
leaves, but he by no means ſhews that vital air.is 
procured without vegetation; for vital air is never, 
procured without water becoming green and turbid; 
but when we find the water becoming green, and 
animalcules appear, have we not then every reaſon 
to preſume that the animalcules have been fed on 
plants, and that thoſe plants emitted vital air ? _ 
When in ſtudying the ſyſtem of nature, we. 
obſerve, that every thing is in action for ſome pur-. 
poſe; that oppoſite powers are continually ballan- 
cing each other, or alternately prevailing; and that 
the general end in view is to contribute eyery thing 
requiſite for the neceſſities, for the conveniences of 
animal life; we find ourſelves pleaſed with this ſub- 


ject of contemplation, and intereſted in what re- 


lates to nature. 

We may now endeavour to take a general view 
of that contrivance which may be perceived in the 
means employed by Divine Providence for the 
important operations of ſuſtaining animal life, and 
Wh of the inert maſs of this earth a living 
wor 

In this ſyſtem of organized matter, which j is 
comprehended in the idea of the world, the emana- 
lion of matter from the ſun may be conſe dered as one 
4 the prime movers of the. machine, At the ſame 
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time, gravitation, which is another of thoſe powers, 
would ſoon bring all the matter of this machine to 


reſt, and would lock up every body in a ftate of 


the moſt abſolute inactivity. Conſequently, if we 
reaſon conſiſtently with our own ideay, it is not 
either by the one or other of thoſe two great agents 
alone that the natural operations of this world are 
conducted, but by the joint action of them both; 
each, at the ſame time, having it's peculiar office, 
which it is the buſineſs of ſcience to diſtinguiſh. 
Ĩhus that great agent which regulates our pla- 
netary ſyſtem, and gives life to nature, acts upon 
the ſurface of this earth; and it there performs 
different operations, according to the various con- 
ditions in which it acts. Under the form of heat, 
it ſeparates and diſtends unorganized matter or ſim- 
ple bodies, and it ſuſpends the hardneſs or parti- 
cular attractive powers of their ſubſtance. Or- 
ganized and ſenſitive bodies, again, it affects with 
the ſenſations of light and heat; but in another 
ſpecies of organized living bodies, that is, plants, 
which have no ſenſe, no knowledge, no means of 
underſtanding, it produces peculiar effects; it 
paints the various colours, ſo to ſpeak, of their 
diſtinguiſhable parts ; it gives them their peculiar 
virtues, which are various ſpecific taſtes and ſmells; 
and it ſtores them with a certain ſubſtance, from 
which they derive the general property of occaſion- 
ally exciting light and heat. 
From this ſublunary ſtore, then, of the ſolar 
ſubſtance, we are to look for the emanatian of ſuch 
virtues as belonged to the parent power. Accord- 
ingly, in plants thus prepared by the hand of Pro- 
vidence, are placed the ſuſtenance of animal life, 
and all the comforts which attend a living, feeling, 
and perceiving being. 
For this purpoſe of cheriſhing life, it is ne- 
ceſſary to diſtr ibute to animals, from the vegeta- 
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ble ſtore of nature, heat and light proportioned to 
their neceſſities, and apportioned to the various 
purpoſes for which thoſe active powers are allot- 
ted. This active principle, then, is amply pro- 
vided to animals in their food; and, while the 
growing bodies of thoſe animals are increaſed with 
the neceſſary nutriment which comes from plants, 
at all times the vital functions are properly ſuſtain- 
ed with that ſubſtance which had been originally 
ol vegetable production. | | 
But in order to accompliſh thoſe deſigns, this 
ſolar ſubſtance ſtored in the vegetable bodies muſt 
be reſolved from it's confined ſtate, and this muſt 
be performed according to ſome meaſured opera- 
tion. It is here that ſo much wiſdom or contri- 
vance 1s to be perceived in the operations by which 
animals acquire their heat, and by which bodies, 
naturally opake, are made to imitate the luminary 
of the world, and to ſupply his place for all the 
purpoſes of life. | | SY 
Suppoſing thoſe facts to be ſufficiently evin- 
ced, let us now extend our views into the general 
ſyſtem of material things, in applying thoſe inve- 
ſtigated principles of action to the neceſſary opera- 
tions of this world. | | 
Here is an object highly worthy of our atten- 
tion. To contemplate a ſyſtem in which, while 
the various purpoſes of a world ſo bountifully pro- 
vided for are ſerved, there is exhibited a ſtill more 
| Intereſting proſpect ; it is that of finding perfec- 
tion manifeſted in each part of nature. Now, this 
muſt be the caſe, ſo far as in this great, in this 
amazingly complicated machine, we can ſee no 
uſeleſs matter, no inefficient form, no unappro- 
priated action, and no ſuperfluous power. If wiſe 
dom regulates this great machine, if order is eſta- 
bliſhed in it's infinitely multiplied and minuteſt 
parts, (as we have every reaſontoſuppole,) how 1 * 
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fant is it to behold the manifeſtation of unbounded 
power conducted with benevolent deſign! What 
ſatisfaction to an intelligent mind to obſerve per. 
fe& order in the moſt complicated parts of nature; 
to trace the efficient, as well as to perceive the 
final cauſe; and to ſee the wiſdom in which ends 
have been benevolently choſen, and means effec. 
true appointed for the accompliſhment of thoſe 
c N 
If the wiſdom of man is to be employed in 


conducting ſcience for the greateſt benefit to human 


nature, what end can be propoſed more effectual 
for producing happineſs in a thinking being, than 
is tbe manifeſtation of a Supreme Power, who acts 


with juſtice and with wiſdom? But, in finding 


the perfect adjuſtment of ends and means in every 


part of nature, we neceſſarily conclude, that there 


is a ſuperintending Being, whoſe power and wiſdom 


far exceed the comprehenſion of our ſubordinate 


Capacity. | 
It is not to evince thoſe metaphyſical and 
moral truths that the phyſical ſyſtem of things is 
here inquired into; but it is the phyſical ſyſtem 
that I would now ſupport by metaphyſical and 
moral arguments ; being perſuaded that thoſe dij- 
ferent branches of ſcience, when taken in a philo- 
ſophical or general view, ſerve to throw mutual 
light upon each other. | 
It muſt not bealledged, that natural philoſophy 
1s not concerned with final cauſes; the contemplation 
of ends without means would add nothing lo the value 
or luſtre of human wiſdom, and FAR LESS WOULD THE 
KNOWLEDGE OF. MEANS” WITHOUT ENDS. It muſt 
not appear idle ſpeculation to diſcover the con- 
nection of efficient and final cauſes; for, as in 
ſeeing means properly adjuſted to an end, we may 
perceive the wiſdom of Providence, ſo, in acknow- 
jedging this wiſdom, we may find ſome means of 


trying”. 
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trying every theory with reſpe& to phyſical cauſes: 
for, every law of nature being thus neceſſarily con- 
ceived'to be in wiſdom, we have in this a rule by 
which to try every pretended law of nature. Now, 
though we may not thus poſitively diſcover what 
we want to know, we may negatively attain our 
end, in diſtinguiſhing what is erroneous. 

This world conſiſts in a ſyſſem of moving 
bodies, actuated by a cauſe, and tending to an 
effect; that is, in a deſign, where ends have been 
contrived, and means are appointed for conducting 
to thoſe ends. Here is a propoſitſon which ſhould 
be well examined; for thus may Be underſtood the 
proper object of natural philoſophy, which is the 
general ſcience of things. Philoſophy is not em- 
ployed in tracing the ſpecial order of events in the 
progreſs of changing things : this 1s the province 
of the particular ſciences. The proper purpoſe of 
philoſophy is to ſee the general order that is eſta- 
bliſhed among the different ſpecies of events, by 
which the whole of nature, and the wiſdom of the 
ſyſtem, is to be perceived. 

Whether we conceive this world as a mecha- 
nical machine, effecting it's purpoſe by the apti- 
tude of it's various parts; or as a chemical proceſs, 
changing the ſenſible qualities of the different 
bodies of which it is ſo properly conſtructed; there 
are neceſſarily required powers in order to actuate 
that moving ſyſtem in Which we live. Now, here 
we may perceive two different powers; gravitation, 
on the one hand, by which all the parts of this 
material ſyſtem ſhould be preſerved in one united 
maſs; and heat, on the other, by which means 
reſt, the ultimate effect of gravitation, ſhould be 
removed from this united maſs containing organized 
living bodies. When, on the one hand, gravita- 
tion is ſuppoſed to prevail, bodies are made to form 
an inert maſs, in which could be no ſyſtem or no 


change. 
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change. When heat again prevails, bodies are 
diſperſed as matter moving in ſpace without a pro- 
per purpoſe: but by a juſt combination of thoſe 
two different powers, we find moveable and moving 
bodies properly diſpoſed in a great and connected 
ſyſtem of things, where a circulation of matter is 
eſtabliſhed, where the deſtruction of every indi- 
vidual thing is only the means employed for repro- 
ducing others of the ſame ſpecies, and where the 


natural tendency of every living thing is to pre- 


ſerve itſelf, and thus to maintain that order of 
things which is perceived in this world. 

Without the influence of the ſun, this world 
would remain an uſeleſs maſs of inert matter; but 
with that influence, which is diſtributed ſo wiſely 
in the different regions of this earth, we find mo- 
tion is excited among the inviſible parts of bodies, 
plants are made to grow, and animals are enabled 
to live, and find the means of purſuing their vari- 
ous economy : but, in the abſence of the ſun, there 
is required fire; this is an inferior ſource of light 
and heat; and this is a ſubordinate cauſe of action 
or efficiency in that maſs of gravitating matter 
which otherwiſe would be inert. | 
Now it is not poſſible to explain this ſource 
of action, this neceſſary cauſe of vital motion, upon 
gravitating principles alone; for however we may 
multiply and combine attractive cauſes, nothing 
will hence reſult but reſt, as the end or the effect. 
But this is not the caſe when we conſider this maſs 
of gravitating matter actuated by that powerful 
influence which appears 'to be derived from the 
fun, and which counteracts that tendency to reſt 
inherent in the matter of this globe. Here we have 
two moving cauſes conſtantly operating in the 
ſyſtem; powers variouſly oppoſing each other's 
action, and alternately prevailing ; conſequently a 
cauſe for action and re-action, without any abſo- 
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jute reſt. Thus thoſe oppoſing powers confpire to 
form a ſyſtematic order in material things, an order 
of moving bodies, which neither of thoſe cauſes 


ſingly could have accompliſhed, and an order of 


life and circulation, which the conſtant action of 


the one power, and the continual or repeated in- 


fluence of the other, certainly maintains. 

It is in tracing the various ſteps in this ſyſtem 
of material things, (a ſyſtem ſubſervient to our 
ſenſe, and conducive to the enlargement of our 
intellect,) that natural philoſophy is employed. 


However, therefore, the mere chemiſt may take 


for granted, or as principles, fire and heat, with- 


out inquiring into their cauſe, a natural philofopher 


muſt explain from whence 1t is that heat ſhould 
come on all occaſions, and how that heat is to be 
employed in the ſervice of the ſyſtem. Hence the 
laws of heat and cold, of condenfation and expan- 
ſion, of the retenſion and emiſſion of light, are 
equally neceſſary in the ſyſtem, and proper to be 
known in the philoſophy of nature, as is the mea- 
furing of that power by which the planets are 
preſerved in their orbits, or by which is eſta- 
bliſhed the ſpherical figure of this globe. . 

Thus the ſyſtem of this world depends on ve- 
getation. Vegetation, again, depends on light, 
as well as on heat; and both theſe requiſite con- 
ditions are procured by the influence of the ſun : 
but, for vegetation, light and heat are no more 
neceſſary than as a proper ſupply of humidity, and 
other requiſite conditions which are obtained from 
the atmoſphere. Therefore it is here neceſſary to 
fee that particular law of nature on which the proſ- 


perity of plants, and the œconomy of living bodies, 


depend. | | 
How much reaſon, then, have we to admire 
tire ſyſtem of Providence! We fee and feel with 
pleaſure the ends which are attained ; and we _— 
1 | | al 
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fail to be gratified in proportion as we comprehend 
the means which are employed. The circumvo- 
lution of our globe, in a ſyſtem of planetary bodies, 
rendered iv neceſſary that we ſhould have day and 


night, ſummer and winter, that is, alternate ſea. 


ſons of light and darkneſs; the neceſſities of our 
animal nature required the provident feaſons of 
ſpring and autumn; and, to ſenſitive beings, the 
occaſional abſence of the ſun demanded a ſubor- 


dinate ſource of light and heat. Now all theſe ' 


ends appear to be attained by the proper adjuſt. 
ment of the two different ſpecies of 1natter, viz, 
of that by which bodies are expanded, and made 
ſoft or fluid, and of that by which they gravitate, 
and become hard and ſolid ; of that matter by 
which they are naturally cold and dark; and of that, 
again, by which they may occaſionally become hot 
and luminous. It is in theſe effects that we are 
enabled, firſt, to read the laws of gravitation and 


3 


chemical attractions; ſecondly, to form a judg- 


ment with regard to the nature of the matter which 
is conſidered as flowing from the ſun; and, laſtly, 
to ſee the various modifications of that ſolar ſub- 
ſtance by which the inert bodies of this world are 
actuated, contrary to the natural tendency of their 
gravitating matter, 5 
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LECTURE IX. 
Or FIRE. 


plain to you ſome other properties of that 
wonderful element, fire, with which all bodies in 
nature are imbued, ſurrounded, and penetrated, 
and which fills up every interval between their 
particles.“ The ancient heathen philoſophers, 
when they contemplated the wonderful privilege 
of man in enjoying the uſe of the element of fire, 


perſuaded themſelves it was a privilege too great 
for man's eſtate in this world, and that it was 


originally ſtolen from heaven, and that the very 


theft was the crime which brought all manner of 


evil into the world. 


Lactantius, a chriſtian father, among other 


arguments, to ſhew the ſuperiority of man in the 
creation, and the immortality of his nature, pro- 


duces this, that of all the creatures known to us, 


man is the only one who has the command and uſe 
of the element of fire. He is familiar with that 


heavenly ſubſtance, without which there 1s neither 
light nor life, while the moſt ferocious of beaſts' 
are alarmed by it, and fly from it. He is entruſted. 


with a power molt like to that of God himfelf, who 
has the direction of all the elements; he, therefore, 
has a privilege which diſtinguiſhes and ſets him 
above all other creatures. ow dreadful would it 
have been if brute creatures had been entruſted with 
the ſame liberty, if there had been the uſe of fire 
where there is not the uſe of reaſon! Sorry am I 
to add to Lactantius, that in this, as in every 
other inſtance, man too often abuſes the liberty 


with which he is bleſſed, and perverts it to the de- 
| Y ſtruction 


Lavoiſier Elemen. Chem. p. 185. 


T will be my endeavour, in this Lecture, to ex- 
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ſtruction of his fellow creatures. Happy will be 
the day when men, inſtead of flattering themſelves 
with the enjoyment of abſtract rights, ſhall con- 
fider their reſpective duties, and employ themſelves 


in ſubduing their own paſſions, inſtead of raiſing 


evil and malignant diſpoſitions in others: then 
would all, under every form of government, enjoy 
real liberty, liberty to do all poſſible good, and be 
reſtrained from all evil; and thus there would be 
fafety to the perſons and properties of every indi- 
vidual. Give me leave to introduce a paſſage on 
this ſubject from a writer whom I ſhould be happy 
to introduce to your acquaintance, as a real friend 
of liberty and freedom of thought, whoſe writings 
Are characterized by their peculiar and unaffected 
candour, great good humour, and found reaſon- 
ing; a writer who at times, as in the following 
paſſage, can innocently fport and play, and at 
other times employ all the maſculine energy of 
truth in protecting virtue, or detecting falſehood. 

Speaking of liberty, he thus accoſts her: Hail 
glorious liberty] the choiceſt privilege of imperial 
man ſ the prerogative by which he exerciſes his 
dominion over this ſublunary kingdom! thou de- 
lighteſt to dwell in this my native land, the happy 
Britain ! whoſe ſons in former times have ſtruggled 
hard for thee, enduring diſtreſſes, toils, and bloody 
conflicts, that they might tranſmit thy bleſſings to 
us their children. Thou haſt ſnapped ſhort the iron 
rod of deſpotic ſway, broken through the enormous 


rule of many made for one, and taught power 


wherein it's real ſtrength and true glory conſiſts. 
Thou haft dragged tongue-tied ſuperſtition at thy 
chariot-wheels, and bound in fetters that daſtard 
ſlave implicit faith, that uſed to fetter the very 
thoughts of men. Thou openeſt the chambers of 
ſcience, burſting aſunder the ip/e dixits that had 
barred up more than half the avenues. 0 on 
| . „ cleare 
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cleareſt away the film from our eyes, that we may 
ſee for ourſelves; and ſtrengtheneſt our feet that 
we may walk without a leading- ſtring. O let us 
never part with the valuable inheritance our an- 
ceſtors have left us; nor, I truſt, ſhall we ever let 
it ſlip out of our hands: let us only beware that we 
be not beguiled by falſe appearances, nor enticed 
away. from our goddeſs by a phantom repreſenting 
her likeneſs. | | 
For there are counterfeits abroad, pretenders 
that aſſume thy robe and geſtures. The mimic ape, 


licentiouſneſs, imitates thine intrepid air, and con- 


fident gait. The blatent S prophanes thy daring 
language with his unbridled tongue. Conceited 
perine/s teaches the new looſened ſchool-boy, and 
the novel-ſtudied girl, the ſcorn of tutorage and 
controul. Trreverent fanatici/m, ill-copier of thine 
eaſy carriage before ſuperiors, ruſhes with ſaucy 


familiarity into the council-chamber of heaven, 


And lion-ſkinned free-1hinking, ſafe affector of thy 
bravery, inſults whom thou haſt diſarmed, ten 
times ſlays the ſlain, and claims to be the ſole 
gatherer of thy ſpoils. They range the world with 
a boiſterous rabble tagging at their heels; clamour, 
arrogance, miſrepreſentation, perverſeneſs, cavil, 
intemperate jeſt, loud- laughing mockery, and hood- 
winked miſrule. They ſpare not things ſacred nor 
prophane, but pluck the grey beard of experience, 
tear the prelate's lawn, revile the rulers of the 


people, and ſpare not the Lord's anointed. The 


unlucky monkeys toſs all about them in confuſion, 
and grin at the wild work they make; they ſcatter 
abroad fire-brands and arrows, and cry, Are we 
not in ſport? They delight to trip up the unwary, or 
entangle the feeble in their webby filaments, and 
then chuckle with joy to ſee the perplexities they 
have occaſioned. | 
But thou, genuine liberty, offspring of all- pro- 
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tecting Jove, and ſiſter of Uranian Venus, who 
diſpenſeth his bleſſings from her horn of plenty, 
thou loveſt order and decency; for thou knoweſt the 
world is upholden by order, and the bliſs of heaven 
maintained by free obedience, Therefore thou 
recommendeſt regularity and ſubordination to the 
ſons of men: thou ſtandeſt upon law and ordinance 
as thy baſes; rule and authority as thy ſupporters; 
found reaſon and uniform prudence as the ground 
thou walkeft upon; diſcretion and cautious reſerve 
go before as thy harbingers; and much-enduring 
charity departeth not from thy fide. The modeſt 
virgins warn thee which way to direct thy ſteps, 
that thou hurt not the ſimple, or cover thee with 
veils that thou give them not offence; for when 
thou walkeſt forth in the fields of ſpeculation, or 
ſtretcheſt thy ken to the ſources of uſeful ſcience, the 
weak-ſighted cannot ſuſtain thy piercing look, nor 


the feeble ſtand againſt the bruſh of thy ſturdy 


tread. * % 


Or Taz FirInG or: Gux POWDER. 


The ſudden exploſion or detonation of gunpoy- 
der is the next effect of fire which we have to con- 
ſider, an effect which gave riſe to the preceding 
reflections. Detonation is a ſpeedy and rapid in- 
flammation, which occaſions a noiſe by the inſtan- 
taneous formation of a vacuum. | 
- Gunpowder is a compofition conſiſting of /al!- 
petre, ſulphur, and charcoal; a mixture whole 

owerful effects are derived from it's great combuſ- 
tibility. The principal things to be conſidered in 
making of gunpowder, are the goodneſs of the 
ingredients, the manner of mixing them, the pro- 
Portion in which they are combined, and the 
drying of the powder after it is made. 

Saltpetre and ſulphur mixed together give no 


exploſion; 
® Tucket's Light of Nature purſued, Vol. 2. part 3. P. 299 
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exploſion ; ſulphur and charcoal give no exploſion ; 
and though ſaltpetre and charcoal, when intimately 


united, do give an exploſion, yet it is probably of 


far leſs force than what is produced from a mix- 


ture of the three ingredients. 


If faltpetre be expoſed to. a ſtrong heat, it 
melts, and becomes red-hot, and the volatile pro- 
duct is found to conſiſt of fuming nitrous acid, a 
large quantity: of vital air, ſome phlogiſticated air, 
the alkali remaining behind. 3 

When a combuſtible ſubſtance and ſaltpetre 
be brought into contact, either of them being 


previouſly heated red-hot, the body is heated with 


great rapidity; no doubt from the vital air which 
is diſengaged by the heat, as the experiment ſuc- 
ceeds in vacuo, and alſo when the bodies are ſur- 
rounded by an aeriform fluid incapable of main- 
taining combuſtion. | 
The rapid combuſtion effected by nitre, when 
it is performed by a ſucceſſive burning of the parts 
of a body, is called. deflagration; when it is per- 
formed in ſo ſhort a time as to be nearly inſtanta- 
neous, it is called, as was obſerved before, detonation. 
It is remarkable in this experiment, that the 
combuſtion is maintained by the vital air combined 
with the nitre: it is this property of the ſaltpetre 
that has been applied to the production of gun- 
powder. : | 
This deſtructive powder is compoſed” of 75 
parts, by weight, of nitre, 9 f of ſulphur, and 154: 


of charcoal; theſe ſubſtances are intimately blended: 


together by being. triturated from ten to fifteen 


hours in wooden mortars with peſtles of the ſame 


ſubſtance ; a ſmall quantity of water is added from 
time to time to moiſten the mixture; when the 
whole of the fluid is evaporated, ſo that the powder 


will not ſoil an earthen plate, it is carried to be 


granulated, which is effected by paſſing it through 
B b 2 ſieves 
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fieves whoſe perforations are of various ſizes; and 
theſe being ſhaken or rolled in a barrel, take a 


rounded form from their friction againſt each 
other. 


From the experiments of Meſſrs. Beaume and 
D'arcy, it is clear, 1. That good gunpowder cannot 
be made without fulphur. 2. That charcoal is in- 
diſpenſably neceſſary. 3. That the quality of gun- 
powder depends, ceteris paribus, upon the care with 
which the materials are blended together. 4. That 
the effect of gunpowder is greater when ſimply 


dried, than when it is granulated. 


All the phenomena which attend the inflam- 
mation of gunpowder, depend entirely on it's great 


combuſtibility. The intimate mixture which has 


ſo great an influence on the force of gunpowder, is 
the principal cauſe of it's effects ; the nitre is equal- 
ly diſperſed among all the particles of very com- 
buſtible matter; as the quantity of nitre is greateſt, 


each particle of ſulphur and charcoal is ſurrounded, 


and as it were covered with nitre. Nitre affords, 


by the application of heat, great quantities of vi- 


tal air. The fame thing therefore happens in this 
combuſtion, as is obſerved, when a combuſtible 
body is plunged into a veſſel filled with vital air; 
that is to ſay, it is burned with greater vivacity, 


and in leſs time, than in common atmoſpheric air. 
It follows therefore, that the ſulphur and the 


charcoal muſt be burned in an inſtant, being 
plunged in an atmoſphere of vital air. Hence the 
rapid decompoſition of nitre, and the rapid inflam- 


mation of the powder. This, together with it's ta- 


king place in cloſe veſſels, may in a great degree 
account for the violent force with whichit explodes, 
and drives every obſtacle before it. 

The quantity of fire diſengaged at the moment 


of detonation contributes conſiderably to the ex- 
_ panſive effect of gunpowder. Although fire pene- 


tratcs 


\ 


— 2 83 — — —ſ—U— . 81 INS TOs . 


12 


— - „ frad © 
OY r 1 


— — 088 


NATURE AND PROPERTIES or FIRE. 373 


trates through the pores of every ſubſtance in 
nature, it can only do ſo progreſſively, and in a 
given time: hence when the quantity diſengaged at 
once is too large to get through the pores of the 
ſurrounding bodies, it muſt neceſſarily act in the 
ſame way with ordinary elaſtic fluids. This muſt 
atleaſt take place in part when gunpowder is ſet 
on fire in a cannon; for although the metal is per- 
meable to fire, the quantity inſtantaneouſly diſen- 
gaged is too large to find it's way through 1t's pores; 
it muſt therefore make an effort to eſcape on every 
ſide; and as the ſurrounding reſiſtance, except at 
the muzzle, is too great to be overcome, this effort 
is employed in expelling the bullet. bs 
Fire produces a ſecond effect from it's expan- 
five force, which cauſes the aerial fluids diſengaged 
at the moment of deflagration to expand with a 
degree of force proportioned to the temperature. 
It is probable alſo that a quantity of inflammable 
air is diſengaged at the inſtant of deflagration, 
which expanding contributes to the force of the 
exploſion. You will eafily conceive how greatly 
this circumſtance muſt increaſe the effect of the 
powder, if you conſider that a pint of infiammable 
air weighs only one grain and two thirds; hence 
a ſmall quantity in weight muſt occupy a very large 
ſpace, and mult exert a prodigious expanſive force 
in paſſing from a liquid to an aeriform ſtate of ex- 
iſtence. Laſtly, a portion of undecompoſed water 
is reduced to vapour during the deflagration of 
gunpowder; and as water, in vapour, occupies 
17 or 1800 times more ſpace than in it's liquid 
ſtate, this circumſtance muſt alſo contribute largely 
to the exploſive force of the powder. : 
The permanently elaſtic fluid generated in the 
firing of gunpowder, is calculated by Mr. Robins 
to be about 244, if the bulk of the powder be 1 ; 
and that the heat generated at the time of the ex- 
Bb 3 ploſion, 
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ploſion, occaſions the rarified air thus produced to 
occupy about 1000 times the ſpace of the gunpow- 
der. This preſſure may therefore be called equal to 
1000 atmoſpheres, or 6 tons, upon a ſquare inch. 
We are told of a ſingular circumftance which 


attends the firing of gunpowder; that, although it 


ſeems to generate 1t's own air, and expand by the 
force of it's own materials, a ſeed of the common 
thiſtle with it's down, or any other light body, ſuſ- 
pended near fired gunpowder, is always driven 
inwards towards the powder before it is driven of 
by the exploſion, 

Ihe effects of this mixture are nothing in 
compariſon with thoſeof another, called fulminating 
Powder ; which is made by rubbing together in 
a hot marble mortar, with a wooden peſtle, three 
parts by weight of nitre, two of mild vegetable al- 
kali, and one of flowers of ſulphur, till the whole 
is accurately mixed. If a drachm of this powder 
be expoſed to a gentle heat in an iron ladle, it melts, 
and foon after produces a detonation as loud as the 
report ofa cannon. This phenomenon is the more 
extraordinary, as the effect thereof is produced 
without incloſing the powder in any inſtrument, 


It is explained by obſerving, 1. That this ex- 


periment only ſucceeds by gradually heating the 
mixture ſo as to melt it. 2. That if fulminating 
powder be thrown on ignited charcoal, it only de- 
tonates like nitre, but with very little noiſe. 
3. That a mixture of liver of ſulphur with nitre, 


in proportion of one part of the former and two 


of the latter, fulminates with more rapidity, and 
produces as loud a report as the mixture of ſulphur, 
nitre, and alkali. Hence it appears, that when ful- 
minating powder is heated, liver of ſulphur is 
formed before the: detonation takes place; and this 
will ſerve tg account for the whole appearance. 
Inflammable air is formed from the liver of 
| ſulphur, 
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ſulphur, while the ſalt gives vital air; theſe two 
are capable of producing a ſtrong inflammation, 
and are ſet on fire by a portion of the ſulphur; but 
as the thick fluid they are obliged to paſs through 
preſents a conſiderable obſtacle, and as the whole 


takes fire at the ſame inſtant, they ſtrike the air 


with ſuch rapidity, that it reſiſts in the ſame man- 
ner as the chamber of a muſket reſiſts the expan- 
ſion of gunpowder. A proof of this is obſervable 
in the effect the fulminating powder has on the 
bottom of the ladle in which it explodes. The 
bottom of this is bulged outwards, and the ſides are 
bent inwards, in the ſame manner as if it had been 
acted on by a force directed perpendicularly down- 
wards, and laterally inwards. | 

The moſt ſurprizing inſtance of chemical detona- 
lion is that by the combination of volatile alkali 
with ſilver; gunpowder, and fulminating gold, 
are not to be compared with this new product; as 
the former requires ignition, and the latter a ſen- 


fible degree of heat, to make it fulminate. But 


the ſlighteſt agitation or friction is ſufficient to 
cauſe the fulminating ſilver to explode. When 
it is once obtained, it can no longer be iouched. The 
falling of a few atoms of this preparation from a 
imall height, produced the detonation : a drop of 
water falling on it had the ſame effect. No attempt, 


therefore, can be made to incloſe it in a bottle, 


but it muſt be let alone in the capſule, wherein, by 
evaporation, it obtained this terrible property. To 
make this experiment with ſafety, no greater quan- 
tity than a grain of ſilver ſhould be uſed, and the laſt 
deſiccation ſhould be made in a metallic veſſel, and 
the face of the operator defended by a maſk, with 
holes for the eyes defended by ſtrong glaſs. The 
exploſion, as in the former inſtances, depends upon 
the ſudden formation of aerial fluids. We 
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| 
This is another operation of fire, which 
is connected more or leſs with every pheno- 
menon in nature. When the parts of a ſolid | 
body, as common falt or ſugar, are ſo united 8 
to a fluid as water, that they compoſe with it an : 
apparently homogeneous fluid, remain ſuſpended : 
in it, and do not deſtroy it's tranſparency, the ſolid f 
body is ſaid to be diſſolved in the fluid; the opera- ; 
tion is called /olutio, the fluid is called the ſolvent, x 
or more commonly the menſtruum ; the compound 1 
reſulting from the union of the fluid and the body, 
is called a ſolution of this or that body, in this or 0 
that menſtruum. | 2 
I!n chemiſtry, the terms ſolution and diſſolution 4 
have long been confounded, and have very impro- 
perly been indiſcriminately employed for expreſſing f 
both the diviſion of the particles of a /alf in a fluid, te 
ſuch as water, and the diviſion of metals in an acid. El 
A few reflections on the effect of theſe two opera- 5 
tions, will ſoon convince you, that they ought not 1 
to be confounded together. 

In the ſolution of ſalts, the ſaline particles 8 
are only ſeparated from each other, hut neither the 1 
ſalt nor the water are at all decompoſed; we are 1 
able to recover both the one and the other in the th 
ſame quantity as before the operation. The ſame ee 
thing takes place in the ſolution of reſins in alco- pr 
hol. On the contrary, during metallic diſſolutions, W] 
a decompoſition either of the acid, or of the water th 
which dilutes, always takes place ; the meta] com- th 
bines with the acidifying principle, is changed into pe 
a calx, and an elaſtic fluid is diſengaged, ſo that tr 
none of the ſubſtances employed remain, after the 20 
operation, in the ſame ſtate as before. This article gi 


35 confined to the conſideration of ſolution. wy 
| c 
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The neceſſary conditions for ſolution, are a 
certain accommodation of the parts of the ſolvent 
to thoſe of the ſolvend, and a proper degree of mo- 
tion or agitation to apply the parts of the one to 
the parts of the other: of this motion fire is the 
general cauſe. You may illuſtrate this by an eaſy 


experiment: if you place a ball of clay in cold 


water, 1t remains at reſt, and the fluid continues 


pure as before; but if you ſet this water over the 


fire till it boils, the clay is ſoon diffuſed through 
it, and the whole 1s turbid as long as the parts of 
the water are agitated by the fire ; but when the 
water grows cold, the clay ſubſides to the bottom, 
and leaves the water clear, The parts of the cla 

being ſpecifically heavier than thoſe of the wo 
ought to ſubſide in them ; but this 1s prevented by 


a motion from the parts of fire. If they are pro- 


perly agitated, they. arc ſuſpended in the fluid ; and 
if they are ſuſpended, it follows that they are agi- 
tated. From extraordinary caſes we are to learn 
what happens in thoſe that are ordinary. It is here 
evident, that fire, by it's motion, ſeparates and 
ſuſpends the parts of a ſolid body in a fluid. 
Where the motion of fire is violent, the ſolu- 
tion is quickly accompliſhed, and a very large 
quantity of the ſolvend is ſuſtained in the fluid 
medium. Therefore, in all ordinary caſes, where 
the ſolution is ſlow and gradual, and the quantity 
ſuſpended is but inconſiderable, the ſame effect is 
produced by that imperceptible inteſtine motion, 
which conſtantly agitates the atmoſphere and all 
things therein. The conſtant exhalations from 
the ſurface of water, ſhew that there muſt be a 
perpetual motion of it's particles ; and moſt men- 


ſtruums are rendered ſuch, and derive all their 
activity from fire, which co-operates with, and 


gives them their proper effect. 


All ſalts may be liquiſied by fire alone, but with 
8 . | different 
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different degrees of temperature. Some of theſe, 
as the acetated pot-aſh and ſoda, liquify with'a 
moderate heat; whilſt others, as vitriol of pot-aſh, 
lime, &c. require the ſtrongeſt fires that can be 
made. This liquifaction of ſalts by fire produces 
exactly the ſame phenomena as were explained to 
ou when I treated of the liquifaction of ice. 
| Fire is employed and fixed during the melting of 
the ſalt, but is diſengaged when the ſalt coagulates. 
_ Theſe are general phenomena which occur univerſally 
during the paſſage of every ſpecies of ſubſtance, from 
aſolid to a fluid ſtate, and from fluid to ſolid. 
The phenomena which ariſe in the ſolution by 
fire alone, are always more or leſs conjoined with 
thoſe that take place during ſolutions in water: 
and the nature of the ſolution of a falt by fire, 
determines the nature of a ſolution by water. If, 
for inſtance, a ſalt be difficultly ſoluble in water, 
and readily by fire, it evidently follows that it will 
be eaſily ſolved in hot water, though not in cold, 
But if it be ſcarce ſoluble either in water or by fire, 
the difference between hot and cold water will be 
very inconſiderable. Thefe conſiderations ſhew, that 
there is a neceſſary relation between the ſolubility of 
ſalt in water, and the degree of temperature at 
which the ſame ſalt liquifies by fire, unaſſiſted 
by water ; and that the difference of ſolubility in 
hot or cold water, is ſo much greater in proportion 
to it's ready ſolution in fire, or in proportion to it's 
ſuſceptibility of liquifaction in a low degree of 
temperature. Hence, the reaſon why falts are 
more rapidly ſoluble in hot than in cold water, is 
perfectly evident; in all ſolutions of falts fire is 
employed ; when fire is furniſhed intermediately 
from the ſurrounding bodies, it can only arrive 
ſlowly to the ſalt ; but when the requiſite fire exiſts, 
ready to act with the water of ſolution, it operates 


gircctly on the ſalt. | 
That 
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That the power of ſolution 1s not in the water, 
is evident from the following experiment: Let 
ſome water boil over the fire in a glaſs veſſel, caſt 
into this ſea- ſalt by a little at a time, and you will 
find, that after a large quantity has been diſſolved, 
the water will be as tranſparent as before; which 
ſhews the ſolution to be perfect. Then let the veſ- 
ſel be removed from the fire, and as the water be- 
gins to cool, ſome ſalt will fall to the bottom ; as 
it approaches nearer to the temperature of the air, 
more and more of the ſalt will be depoſited; and 
hence we argue, that as fire keeps. the larger quan- 
tity ſuſpended, what remains ſuſpended at laſt, is 


ſupported by the ordinary effect of the remaining 


heat ; and that if water could be found without fire, 
it would be without the power of ſolution. And 
indeed this power never fails to leave it at a certain 
period, as when the water is frozen into ice; be- 


cauſe a ſolid maſs cannot act as a ſolvent. The 
lame medium that gives it fluidity, makes it a 


menſtruum, and it's diſſolving power increaſes with 
it's heat. Water is therefore a ſolvent only as far 
as it is enabled to be ſo by fire, and conſequently, 
in ſuch ſolutions, not water but fire is the agent. 


If you take an ounce of common ſalt, and 


throw 1t into a quart of water, in a very little time, 
eſpecially if the ,water be ſtirred, the ſalt will diſ- 
appear, being uniformly diſperſed through the 
whole body of the water. If you add another ounce 
offalt, that will alſo be diſſolved, but not ſo ſpeed- 
ly as the firſt. By this power of ſolution you may 
add ſo much ſalt to the water, that it will not diſ- 
ſolve one particle more; the water in this ſtate is 
properly enough ſaid to be ſaturated. This how- 
ever does not prevent a certain quantity of another 
alt being diſſolved, and after that perhaps a third 
or a fourth. 

Or 
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Or CRYSTALLIZATION. 


In this proceſs, the integrant parts of a ſolid 
body are ſeparated from each other by the interven- 
tion of a fluid, coaleſce, and reproduce a ſolid maſ;, 


When the particles of the body are only ſepa. 


rated by fire, and thereby retained in a liquid ſtate, 
all that 1s neceſſary to make it cryſtallize, is to 
remove a part of the fire, which is lodged between 
it's particles, in other words, to cool it. If this 
refrigeration be flow, and the body be at the fame 
time left at reſt, it's particles aſſume a regular ar- 
rangement, and cryſtallization, properly ſo called, 
takes place. But if the refrigeration be made ra- 
pidly, or if the liquor be agitated at the moment 
of it's paſſage to the concrete ſtate, the cryſtalliza. 
tion is irregular and confuſed. 

Ihe ſame phenomena occur with watery ſo- 
lutions, or rather in thoſe made partly in water and 
partly by fire. So long as there is a ſufficiency of 
fire and water to keep the particles of a body aſun- 
der, the ſalt remains in a fluid ſtate; but when 
theſe are not preſent in ſufficient quantity, the ſalt 
recovers it's concrete form, and the cryſtals pro- 
duced are more regular, in proportion as the eva- 
poration is ſlower and undiſturbed. | 

All the phenomena we formerly mentioned as 
taking place during the ſolution of ſalts, concur in 
a contrary ſenſe during their cryſtallization. Fire 
is diſengaged at the inſtant of their aſſuming a ſo- 
lid ſtate: a further proof of the agency of fire. 
Hence to make ſalts cryſtallize, which readilyliquity 
by means of fire, it is not ſufficient to evaporate the 
water, but the fire united with them muſt alſo 
be removed. Saltpetre, alum, &c. &c. are in- 
ſtances in which to make the ſalts cryſtallize, 
refrigeration muſt be added to evaporation, On the 
other hand, ſuch ſalts as require but little fire to be 
| | kept 


ner 
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kept in ſolution, and which from that circumſtance 
are equally ſoluble in cold as warm water, are cryſ- 
tallzable by evaporation alone, and even recover 
their ſtate in boiling water. The ſeparating mat- 
ter being removed, the ſalts aſſume a form natural 
to their ſtate, or, in other words, cryſtallize. 


Or CLARIFICATION. 


This is effected either by ſeparating the groſ- 
ſer particles, and heterogeneous matters, from 
liquors, ſo as to leave them clear and tranſparent ; 
or by rediflolving the parts, which are tending to 
a precipitation, that they may be equally diffuſed, 
ſo as to become inviſible. When the precipita- 
tion is occaſioned by that contraction which pro- 


ceeds from cold, heat is the natural remedy. If 


wine is grown thick and turbid with cold, a gentle 
warmth will promote a ſolution, and make it clear 
again. Urine, when exceedingly turbid, may be 
reſtored to it's former tranſparency, by applying an 
heat equal to that of the human body. Some bo- 
dies are purified when the fire carries off the baſer 


part, and leaves the finer : thus gold and filver are 


purified in the furnace. Other matters are purified 
by the fire carrying off the finer part, and leaving 
thoſe which are too groſs to aſcend : thus ſea-wa- 
ter 18 made freſh by diſtillation. But the effect of 
fire is never more manifeſt in this clarifying work, 
than when it raiſes a ſcum to the top of a boiling 
liquor. Fire purifies in many other ways known 
to chemiſt-painters, dycrs, and other manufacto- 
nes. The word purity is beſt accounted for by 
deriving is from au, fire, becauſe fire is the grand 
agent which purifics all things. | 


Or Obouxs. | 


Odours are ſo generally excited and even ge- 
nerated by the action of fire on various ſubſtances, 


) that 


* 
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that ſome of them ſeem to owe their exiſtence to 
it. The powder of brimſtone is inodourous when 
cold. But nothing has a more pungent ſmell than 
the vapour thereof when opened and diffuſed by 
fire. Vinegar has but little ſmell in the common 
temperature of the atmoſphere, but when heated, 
it is exceeding ſtrong and penetrating. Little or 
no ſmell is perceived in the freſh bone of an animal; 
but if it be laid on the fire, the ſmell will be dif. 
fuſed through: the whole houſe. It is the ſame 
with feathers; which are intolerably fœtid when 
ſcorched in the fire. This offenſive ſmell is à crite. 
rion f animal ſubſtances, as diſtinguiſhed from te. 
getable; and has been uſed to determine to which 
of theſe-kingdoms the corals. and coralline bodies 
belong; that are taken out of the ſea. All the 
odours arifing from putrifying bodies depend much 
upon the action of heat; and it appears to be the 
defign of: Providence, that when carcaſes are moſt 
ſubject. to putrify, and become noxious with the 
heats of ſummer, there is a generation of flies 
ſwarming in the air; ready to remove all offences 
as faſt as poſſible, by a voracious breed of mag- 

ts. In extreme cold, there is no {ſmell from 
dead bodies, becauſe there is no putrifadtion. As 
the moſt fragrant liquors when frozen emit no ſmell, 
ſo the carcaſes of men and beaſts which have died 
upon that. vaſt ridge -of mountains, the Andes, 1n 
South-America, are reported to have been found 
untainted for many years. 


Or THe pirrxReNT METHODS or EXCITING AND 
COLLECTING Fax. 
There are three methods of exciting fire: 1ſt. 
By the colliſion or friction of ſolid bodies. 2. By 
fermentation or efferveſcence: 3. By uniting the 
ſolar rays. | 1 55 
Colliſion 
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Collifion or friction of ſolid bodies, is. the 
means moſt generally uſed for exciting the action 
of fire. The vacuities of all ſolid bodies are replete 
with fire, ſo that it is impoſſible to agitate or ſepa- 
rate their parts ſwiftly, without giving the ſame 
rapid motion to the element contained within 
them. When a piece of hardened ſteel is ſtruck 
with a flint, ſome particles of the metal are ſcraped 
away from the maſs, and ſo violent is the fire which 


follows the ſtroke, that it melts and vitri fies them. 


If the fragments of ſteel are catched upan paper, 
and viewed with a microſcope, you will find maft 


of them perfect ſpherules, and very highly poliſh- . 


ed. Their ſphericity demonſtrates they have been 
in a fluid ſtate, and the poliſh upon their ſurface 
ſhews them to be vitrified; the fire being diſenga- 
ed with violence, diſpoſes the particles of. the 
ZbRance to combine with the vital air, while 
this air accelerates the combuſtion, The whole 
of the heat produced, is not. afforded by the body 
itſelf, becauſe in proportion as the interior fire 1s 
diſengaged, the external air acts upon the body, 


and gives out fire. 


It is not, as I have already obſerved to you, every 
apitation, that raiſes heat in bodies. A Bell, or other. 
ſonorbus body, may receive a froke, by which all the 
particles of the metal are thrown into a vibratory 


motion, which continues for ſome time, but is not. 


attended with any heat. The following conditions 
ſeem to be requiſite: 1ſt. That one body ſhould 
be in contact with another. 2. That it ſhould 


move ſwiftly over it: which conditions are implied 


in the term attrition. Theſe effects are more or 


leſs rapid and violent, according to the nature of 


the ſubſtance, and the degree and duration of the 
colliſion, or the degree of friction. Friction is in- 


creaſed by preſſure and velocity; therefore the clo- .. 


fer 
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fer the contact, and the ſwifter the motion, the 
more vigorous 1s the fire. 5 

If the irons at the axis of a coach- wheel are 
applied to each other, without the interpoſition of 
fome unctuous matter to keep them from immedi. 
ate contact, they will become ſo hot, when the 
carriage runs ſwiftly along, as to ſet the wood on 
fire; and the fore wheels being ſmalleſt,” and 
making more revolutions, will be moſt in danger. 
The ſame will happen to mill-work, or any other 
machinery, if the neceſſary pre:autions are neglect- 
ed. It is no uncommon practice with a blackſmith 
to uſe a plate of iron as an extemporaneous tinder- 
box'; for it may be hammered on an anvil, till it 
becomes red-hot, and will fire a match of brim- 
ſtone. A ſtrong man who ſtrikes quick, and keeps 
turning the iron, ſo that both ſides may be equally 
expoſed to the force of the hammer, will perform 
this in leſs time, than would be expected. Ifin 
the coldeſt ſeaſon you lay one denſe iron plate on 
another, and preſs the upper one, by a weight, on 
the lower one, and then rub the one over the other, 
by reciprocal motions they will firſt grow warm, 
and at length ſo hot, as in a ſhort time to emit 
ſparks, and at laſt grow red-hot, as if taken out of 
a vehement fire. 1 i 

It is not neceſſary that the ſubſtance ſhould be 
very hard; a cord rubbed backwards and forwards 
ſwiftly againſt a poſt or a tree will take fire; a 


ſtick of wood preſſed againſt another which is turn- 


ed ſwiftly about in a lathe, will ſoon make it turn 
black, and emit ſmoke. Even the palms of your 


hands, if you rub them briſkly together, when they 


are dry, will ſmell as if they were ſcorched. The 
method of exciting fire by rubbing two ſticks of 
wood together, was anciently practiſed by country 
people, and is ſtill retained in ſome parts of the 
world. The manner is exactly deſcribed in Cap- 
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tain Cook's voyage. The inhabitants of New 
Holland are there ſaid to produce fire with great 
facility, and ſpread it in a wonderful manner. To 
produce it, they take two pieces of /of? dry wood; 


one is a ſtick about eight or nine inches long, the 


other piece is flat. The ſtick they ſhape into an 
obtuſe point at one end, and preſſing it upon the 
other, turn it nimbly by holding it between both 
their hands, as we do a chocolate mill, often ſhifting 
their hands up and down, and then moving them 
down upon it to increaſe the preſſure as much as 
poſſible. By this method they get fire in leſs than two 
minutes, and from the ſmalleſt ſpark they increaſe it 
with great ſpeed and dexterity. This is the fact, 
to which a reflection is added, which calls for 
indignation ; the more ſo, as it has been adopted 
and propagated for the purpoſes of atheiſm and infi- 
delity, by ſome writers of a neighbouring nation. 
“There are few things (ſays the editor of the 
voyage) in the hiſtory of mankind more extra- 
ordinary than the diſcovery and application of 


fire. It will be ſcarcely diſputed, that the man- 


ner of producing it, whether by colliſion or at- 
trition, was diſcovered by chance. Theſe circum- 
ſtances conſidered, how men became ſufficiently 
familiar with it, to render it uſeful, ſeems to be a 
problem difficult to ſolve.” The following ob- 
ſervation by the Rev. Mr. William Jones, on this 
paſſage, is well worth your attention; indeed I 
know of ſcarce any man's writings, which can be 
more ſafely recommended to you; they are replete 
with original obſervations, and are founded upon 
the ſoundeſt and beſt principles both of reaſon and 
revelation. On the foregoing quotation he obſerves, 
© that theſe reflections might well have paſſed for 
the ſpeculation of a New Hollander ; and that we 
need not be ſurprized to find a ſimilar one in the 
Faſti of Ovid, an heathen writer. But, that 
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people i in a chriſtian, civilized, philoſophical coun- 

try, whom Divine Providence has bleſſed with a 
knowledge of the true origin of mankind, and their 
earlieſt hiſtory, ſhould condeſcend 70 ſuch poor and 
Teak conjectures, is a ſymptom of preſent infidelity, 
and approaching barbariſm. The firſt family, 
placed by the Creator upon this earth, offered fa- 
crifices, which being an article of religious duty, 
they were certainly poſſeſſed of the means of per- 
forming it, and conſequently of the knowledge and 
uſe of fire, without which it could not be practiſed. 
The Bible account is natural, and more agreeable 
to the goodneſs of God, and the dignity of the 
human ſpecies, than to ſuppoſe, on the principles of 
aà wild and /avage philoſophy, that men were left 
ignorant of an element deſigned for their accom- 
modation andfupport. 

e Jo interdict a man from the uſe of fire and 
water, was accounted the ſame, in effect, as to 
ſend him out of life; ſo that if men, upon the 
original terms of their creation, were thus inter- 
dicted by the Creator himſelf, as the heathen my- 
thology ſuppoſed them to be, they were ſent into 
life upon ſuch terms as others were ſent out of it. 
If you admit any one ſuch gloomy ſuppoſition, 
where ſhall we ſtop? If mankind were left deſti- 
tute of the knowledge of fire, perhaps they were 
left without food, without cloathing, without rea- 
ſon, and in a worſe condition than the beaſts, who 
are born with the proper knowledge of life: but 
man receives his knowledge by education; there- 
fore he who taught the beaſts by inſtin&, taught 
man by emen. Pe! 


Or FenMzx TATION AND ErFERVESCENCE: 


Theſe feldons take place without exciting 


heat, which 1s TP ſo great as to break out 
into 
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into actual flame. Pour an acid on an alkali, and 


an efferveſcence is excited productive of heat; pour 


water upon oil of vitriol, and you will produce a 
great degree of heat, often ſufficient to break the 
veſſel, if it be compoſed of fragil matter; pour 
upon oil a highly concentrated acid, the fermen- 
tation will be great, and the fire diſengaged will 
often burſt into actual flame: a mixture of water 


and ſpirit of wine will alſo manifeſt heat. Theſe 


effects are produced by the friction and colliſion of 


the particles of the different ſubſtances, by which, 
Fre is expelled, and the ſpace it occupied is filled 


up by the mutual penetration of the fluids. If the 
heat produced be very great, the ambient air is de= 
compoſed, and an inflammation enſues. The pe- 
netration of the ſubſtances is eaſily proved, for 
their bulk is leſs after the mixture than before. 
If you mix. a pint of water with a pint of ſpirit 
of wine, the mixture will not fill a quart, which 
clearly evinces the mutual penetration of the ſub= 


ſtances. In fermentation, and every operation 


which changes the nature of bodies, fire is diſen- 
gaged, to anſwer the purpoſe of the new compound: 
hence in chemical operations, cold is ſometimes 
produced, and ſometimes heat. | 
Piutrifaction is allo a ſpecies of fermentation. 
In putrifaction bodies are heated by the fire which 
is then diſengaged, while the bodies are combined 
with particles from vital air. | | 
If a large quantity of hay be laid together in 
too moiſt a ſtate, it will by degrees take fire: this 
is eaſily accounted for, when you confider how 
much fire 1s left, which ſhould have been carried 
off in vapour; this moiſture and fire are expelled by 
the preſſure of the hay; the fire being excited and 
unable to eſcape as faſt as it ariſes through the pores 
of the incumbent matter, the agitation and attri- 
tlon are ſo increaſed, that it breaks out into actual 
C02 flame, 
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flame, and conſumes the ſubſtance. So intenſe is 
the heat when. a large ſtack of hay 1s on fire, that 
the ſubſtance of the hay is often urned into glaſs. 
The third means of exciting the action of fire 
is by the rays of the ſun. Theſe rays warm all 
ſubſtances which are expoſed to their action; they 
inſinuate themſelves among the particles of the 
body, and adding to the quantity of fire it alrea- 
dy contains, heat is produced. The effect of theſe 
rays, when collected by mirrors, or by lenſes, into 
a focus, is very great. If a great number of plane 
mirrors receive the rays of the ſun, and theſe rays 
are ſo directed as to fall upon the ſame ſubſtance, 


the body will be confiderably heated, and more ſo 


in proportion to the number of rays that fall on the 
body. Solong as the rays preſerve their paralleliſm, 
but little heat ariſes from them; but when they are 
thrown together in various directions, and return 
upon themſelves, either by the action of air, or by 
attrition, or by the refractions and reflections of 
burning-glaſſes, they work together with an ex- 
panſive force, and never fail to affect us with a 
ſenſe of heat. | | 
Preſent a concave mirror to the rays of the 

ſun, ſo that the plane of the mirror may be as nearly 
as poſſible perpendicular to the incident rays before 
the mirror, a bright cone of light will be formed; 
the reaſon of which I ſhall explain in the Lecture 
oft Catoptrics. If you place any ſubſtance at the 
apex of this cone, it will be quickly melted, . burnt, 
_ calcined, or vitrified, according to it's nature. 
In the ſame manner, if you expoſe a convex 
lens to the ſun, ſo that it's axis, when pfolonged, 
may be nearly parallel to the incident rays, a cone 
will be formed behind the lens, in the apex of 
which the ſame effect will be produced as with the 
concave mirror, | 
The ſolar light will act as the moſt violent fire, 

3 even 


Py. 1d . and nd . and es ag 


cy 


w {Cp CTþ we 1iF 


NATURE AND PROPERTIES or FIRE. 389 


even in vacuo: it will act alſo in the ſame manner 
on the top of the coldeſt mountains. Nay, Mr. 
de Sauſſure thought it more powerful on the top 
of the mountain than on the plain below. Thus 
we find the ſolar light producing heat where there 
is ſcarce any other ſubſtance preſent, that we know 
of, but the light itſelf, and the body to be acted 
upon. | | 
: From theſe experiments we may conclude, that 
by whatſoever means the ſolar rays are united, they 
produce heat, which is more active 1n proportion as 
a greater number are collected together in the 
ſmalleſt ſpace. The activity at the focus of a lens 
is relative, not only to the number of rays collected 
together in a given ſpace, and conſequently to it's 
ſurface or diameter, but alſo to the manner in which 
they are collected; for if between the lens and it's 
focus, and at about two thirds the length of the 
axis of the luminous cone from the lens, you place 
another ſmaller convex lens, this lens will increaſe 
the convergence of the rays, and thereby augment 
their activity, although there may be fewer rays 
collected together ; for many of them are inter- 
cepted by the ſolid parts of the lens. From whence 
it follows, that the focus 1s more powerful in pro- 
portion as the rays collected together form amongſt 
themſelves more obtuſe angles. | 
The effects produced by a convex lens depend 
on it's tranſparency and figure ; every tranſparent 
ſubſtance of the ſame figure will produce the ſame 
effects : thus, a burning lens may be formed of ice, 
or even a bottle of water. In the ſame manner, 
the effects of concave mirrors depend only on the 
poliſh of their ſurface and the figure, ſo that they 
may be made of plaiſter of Paris, paper, &c. The 
parallel rays of the ſun might go on for ever, and 
give little or no ſenſation of heat; but as ſoon as 
they are turned upon each other by the refractions 
8 6 of 
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of a CONVEX lens, or the reflections of a concave 


mirror, heat 1s the immediate conſequence : how 
intenſe ſoever the fire at the focus may be, it va- 
niſhes the inſtant the glaſs is removed. The ſolar 
rays alone do not produce heat; for when they are 
acting onany ſubſtance, you may place your finger 
within a few inches of the largeſt burning lenſes with 
as much impunity as if you were 20 feet diſtant, 
We may conclude from theſe experiments, 
that where light proceeds in a conſiderable quan- 


tity from a point, diverging as the radii of a circle 


from it's center, there a conſiderable degree of heat 
will be found to exiſt, if an opake body with no 
great reflective power is placed at, or very near the 
point. The action of the light may, in this caſe, 
be conſidered as the ultimate cauſe of the heat. 


If the point from which the rays are emitted | 


be in a tranſparent medium, as air or water, that 
medium without the preſence of an opake body will 
not be heated: another cauſe therefore of heat is 
the reſiſtance of the parts of the body on which the 
light falls. 

If a body capable of reflecting light very co- 
piouſly be brought near the lucid point, 1t will not 
be heated; a penetration therefore of light into the 
ſubſtance, and a conſiderable degree of refiſtance on 
the part of the body to the action of light, are re- 
quiſite to the production of heat; conſequently 


thoſe bodies will conceive the greateſt degree, into 


whoſe ſubſtance light can penetrate beſt, i. e. which 


have the leaſt reflective power, and which moſt 


ſtrongly reſiſt it's action, as is evidently the caſe 
with black and ſolid ſubſtances. 
Arxchimaddes is the firſt we read of who uſed 
burning-glaſſes of conſiderable power. It is related 
of him that he ſet fire to the ſhips of Marcellus by 
means of a burning-glaſs, compoſed of ſmall ſquare 
mirrors, moving every way upon hinges, 5 
when 
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when placed in the ſun's rays, directed them upon 
the Roman fleet ſo as to reduce it to aſhes at the 
diſtance of a bow ſhot.* Many of the diſcoveries 
of this wonderful man have appeared ſo much above 
the reach of man, that among the learned it has 
been found more eaſy to call them in doubt, than 
to inveſtigate the. means whereby he had acquired 
them; and ſome have boldly denied what they did 
not underſtand. This was the caſe with his mirror, 
the poſſibility of producing ſuch effects being de- 
nied, till it had been in ſome degree realized by 
Father Kircher and Mr. Buffon; the latter availing 
himſelf of the contrivance of Archimedes, formed 
a burning-glaſs of 168 ſmall plain mirrors, which 


produced ſo conſiderable a degree of heat, as to ſet 


wood in flames at the diſtance of two hundred and 
nine feet, melt lead at 120, and filver at 50. 

The lens of M. de Tſchirnhauſen, which was 
between three and four feet diameter, and whoſe 
focus was rendered more vivid by a ſecond lens, 
vitrified tiles, ſlates, pumice ſtones, &c. in a 
moment; pitch and all reſins were melted 
even under water; the aſhes of vegetables, wood, 
and other matters, were tranſmuted by it into glaſs; 
indeed it either melted, calcined, or diſſipated into 
ſmoke, every thing applied to it's focus. 

Mr. Parker, of Fleet-ſtreet, made a lens of 3 
feet diameter of flint glaſs, which, when in it's 
frame, expoſed a ſurface of 2 feet 8+ inches to the 
ſolar rays; it had a ſmall lens fitted to it, to con- 
verge the rays and heighten the effect. The expe- 
riments made with this lens are too numerous to 
be related here; it will be only neceſſary to obſerve, 
that they were made with much greater accuracy 
than any made by other glaſſes. The following 
TABLE will give you a general idea of it's effects. 

Cc 4 TABLE 


Duten's Enquiry into the Origin of the Diſcoveries attributed 
to the Moderns. 
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1 ABLE 
| OF 
Subſtances Fuſed, with their Weight a hd Time of 
LO” Fuſion. 
Weight] Time 
cis: ſeconds; 
Gold, pure — - — 20 | 4 
Silver, do. - — — 3 
Copper, do. — — 20 
27 - L420 7-3 
Nickell — 8 1 116 3 
Bar iron, a cube 5 IO | 12 
Caſt iron, a cube — „%% »ͤ;ũ = 
Steel, a cube — — 11012 
Scoria of wrought iron 2 
Kearſh 3 — W 
Cauk, or terra ponderoſa 5 
A topaz, or chryſolite - — i 3 | 45 
An oriental emerald = — „ 
Chryſtal pebble 5 716 
White agate — — 10 | 30 
Flint, oriental < — = 110 30 
Rough cornelian = — 11075 
„ — ˙ꝰ 2 
„ - - IO | 20 
Garnet | — 3 917 
White rhemboidal par — 10 60 
Zeolites — = 1191 23 
Rotten ſtone = — - 10 80 
Common ſlate — - ro 2 
Aſbeſtos =— - — 10 10 | 
Common lime- ſtone — IO | 55 
Pumice-ſtone * - hs 101 24 | 15 
Lava — — = EE 4 IO 7 de: 
Volcanic clay <= ” — 10 60 | the 
Corniſh moor-ſtone - 110 60 | 
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This (fig. 8, pl. 5,) repreſents the uſual mode 
of mounting large burning lenſes ; the large lens 
is placed in a frame AB, the ſmaller lens in the 
frame CD parallel thereto, and connected to the 
larger ene. by the ribs, of wood a, b, c, d, e, f. H 
is the apparatus for ſupporting the ſubſtance that 
is to be expoſed to the rays of the ſun. The whole 
is ſupported on a ſemicircle EF G, by which the 
lenſes may be placed in a proper direction to re- 


ceive the rays of the ſun. The ſemicircle is ſuſ- 


tained by a ſtrong pillar and claw. 


Or THE METHODS OF AUGMENTING OR DIMINISH= 
| ING THE ACTION OF FIRE. 


The firſt method is to increaſe the quantity of 
fuel; the ſecond, to concentrate this action, and 
prevent it's being diſſipated in too great a ſpace; 
thirdly, to direct the action of the fire to one place; 
fourthly, to blow the fire with vital air. 

The firſt method is familiar to every one. You 
all know that by adding fuel a fire may be in- 
creaſed : the quantity of fuel laid on the fire, 
muſt, however, always be proportioned to it's bulk 


and degree of inflammability. No ſubſtance can be 


inflamed without vital air, and the developement 
of phlogiſton; and this only takes place at a cer- 


tain degree of heat. If the fire be ſmall, and the 


ſubſtance large and damp, the fire is extinguiſhed 
before a ſufficient heat can be communicated to the 
ſubſtance. In the ſame manner a candle is extin- 


guiſhed by inverting it, the tallow which runs upon 


the wick not being ſufficiently heated for inflam- 
mation. ts FN 

The /econd method is uſed by artiſts and che- 
miſts, by means of their furnaces, which they en- 
deavour ſo to conſtruc, that the fire contained 
therein may become a center of activity, whoſe rays 
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ſtriking the top of the furnace are thence reverbera- 
ed, and concentrated fo as to act with greater force. 


The third methed is put in practice alſo by a 


variety of artiſts, who concentrate and direct hs 
flame by means of the blow-pipe or bellows : the 


flame thus directed is of force ſufficient to melt 


glaſs, enamel, and metals; for by this means, the 


fluid proper for combuſtion is introduced into the 
flame, and a great heat excited at the place re- 


quired, Thus the effect of the moſt violent heat 
of furnaces may be produced by the flame of a can. 


dle or lamp, urged upon a ſmall particle of any 


ſubſtance by the blow-pipe. _ 

The fourth method conſiſts in animating the 
fire with vital air. Mr. Lavoiſier has made many 
curious experiments with fire thus animated, and 
has hardly found any ſubſtance which did not yield 


to it's violence; it exceeded even any thing effect- 


ed by burning-glaſſes or mirrors. For, in his firſt 
attempt, the intenſity of the heat produced was ſo 


great as to melt with eaſe a ſmall quantity of crude 


platina; it ſoldered rubies together without injur- 
ing their colour, or affecting their weight ; eme- 
ralds, chryſolite, and garnet, were almoſt inftantly 
melted into an opake-coloured glaſs. Here it 
may be worth obſerving, that among precious ſtones 
the diamond preſents a property peculiar to itſelf; 
it burns in the ſame manner with combuſtible bo- 
dies, and is entirely diſſipated. 

I ſhall now lay before you ſome opinions on 
this intereſting element, which could not be intro- 
duced with eaſe in the body of the preceding Lec- 
tures, leaving you to compare them when at leiſure 


with the facts you already know, and the hypothe- 
ſes you have juſt examined. 


The authors of the Encyclopedia de agree 
with Mr. Lavoiſier in reprobating the uſe of the word 


beat inſtead of fire, becauſe heat is not a m_ 
ut 
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but a modification of a fluid; and that in this 
view of things, it can neither be abſorbed nor at- 
tracted, neither can any body have a greater capa- 
city for it than another, except in proportion to 
it's bulk, which allows a larger quantity of fire to 
enter, and to aſſume that particular motion which 
conſtitutes heat. As heat is evidently occaſioned 
by the rays of the ſun when concentrated, and alſo 
by the concentration of the electric fluid; if fire 
therefore be the cauſe of heat, (as is clearly proved, 
in the following Lectures,) weare certainly entitled 
toconclude, that the light of the ſun, and electricity, 
are modifications or component parts of elemen- 
tary fire. When bodies are heated, they expand in 
every direction; therefore fire, when in a riſing 
ſtate, acts as from a center lo a circumference ; when 
in a deſcending ſtate, or growing colder, it acts 
from a circumference to a center. 

It has been already ſhewn, by undeniable ex- 
. periments, that fire is the cauſe of fluidity : when 
the expanſive action of this element is confined 
within the ſurface of any body, to preſerve it in a 
particular ſtate, it may be called /atent fire; be- 
cauſe it does not extend beyond the ſurface, and 
cannot affect the thermometer, or have it's exiſt= 
ence manifeſted to us by the ſenſe of feeling. But 
when this expanſive action 1s transferred from the 
internal parts of the ſubſtance to the ſurface, it 
then affects the thermometer. 
_ This is by ſome writers called the converſion of 
latent into ſenſible heat; by others the alterationof the 
capacity : whatever name we give the effect, the 
cauſe remains the ſame, the oppoſite actions of 
the ſame fluid; the expanſive action in ſome caſes 
counteracting or overcoming the condenſing one, 
and vice verſa. 

In many inſtances the expanſive power is 
#aturally of force ſufficient to produce and main- 

tain 
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tain fluidity ; it may, however, in moſt inſtances, 


be made to effect this artiſicially. A certain degree 
of expanſive power exiſts in all bodies; and this 
has been called the ſpecific heat of the body. 

The —_— a body ſeems to conſiſt in a 
diminutio e expanſive action on it's ſur- 
face, by an oppoſite power or modification of the 
fluid on the outſide : when this is very ſtrong, it is 
ſuppoſed to expel a portion of fire from the body. 

When the expanſive action of fire within.any 


ſubſtance becomes greater than is conſiſtent with 


it's cohefion, it 1s diſſipated or reſolved into va- 

our. This, however, may be done in fuch man- 
ner, that the fire may act on the internal parts of 
the ſeparated body, without ſpending any of it's 
force upon the parts of external ſubſtances. Hence 
vapour continues to exiſt in a temperature much 
below that in which it was originally produced. 
When this latent fire 1s transferred to external bo- 
dies, the vapour ceaſes to be vapour, or is conden- 
fed; and in ſome caſes returns to it's original ſtate, 
in others it is productive of light and vehement 
heat. 


A coxcist View or DR. CRAwronxp's Tor 
of ANIMAL HEAT. 


For a full view of this admirable theory, 1 
muſt refer you to his work; it is a work that de- 
ſerves your ſerious attention, not only from the 
importance of the ſubject, and the ingenuity and 
beauty of the theory it propoſes, but from the 
manner in which it is treated. I know of no work 
in which the rules of Lord Bacon have been more 
rigorouſly followed. Here you will find principles 


inveſtigated with judgment; experiments of the 


moſt delicate nature, made with care, and 3 
: | be. 
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bed with accuracy; the dads natural and lu- 
minous. This work will always be conſidered as a 
valuable acquiſition to ſcience and mankind. 

Fire is known, according to Dr. Crawford, 1ſt, 
By the peculiar ſenſations which it excites: con- 
ſidered as exciting theſe ſenſations, it is called 
beat. 2. It is known by it's effects upon an inſtru- 
ment that has been employed to meaſure it, called 


a thermometer ; and this is termed the 7emperature 


of fire in bodies. 3. It has been found by expe- 
riment, that in bodies of different kinds, the quan- 
tity of fire. may vary, though the temperature 
and weights be the ſame. When fire is conſi- 
dered relatively to the whole quantity of it con- 
tained in bodies of different kinds, but which 
have the ſame weight and temperature, it may be 
termed /pecific fire.* If, for example, the tempe- 
ratures and weights being the ſame, the whole 
quantity of fire in water be four times as great as 
that of antimony, the ſpecific fire of theſe ſubſtan- 
ces 1s ſaid to be as four to one. 

Heat is meaſured by the intenſity of our ſen- 
ſations; temperature by the expanſion of the fluid 
in the thermometer; /pecific fire by the altera 
tions of temperature, which equal quantities of fire 
produce in bodies that have equal weights. 

Thus two bodies are ſaid to have the ſame 


heat, when they equally affect the organs of feeling; 


and a greater or leſs degree of heat, as they pro- 


duce a greater or leſs effect upon*thoſe organs. 
Bodies are ſaid to have the ſame temperature, 
that produce equal expanſions in the thermometer; 
and the ſame body is ſaid to have a higher or lower 
temperature, according as a greater or leſs degree 

of expanſion is indicated by the thermometer. 
The vulgar make uſe of _ human body as a 
ſtandard 


An Crawford's Experiments and Obſervations on Animal Heat. 
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ſtandard for the meaſure of temperature; but this 
is by no means ſufficiently accurate for philoſophi- 
cal perſons, becauſe the ſenſations of no two per- 
fons agree, nor even thoſe of the ſame perſons at 
different times. | | 
Dr. Crawford has ſhewn, that the ſpecific 
fire of bodies, which are of the ſame weights 
and temperature, is greater or leſs in propor- 
tion as greater or leſs alterations are produced 
in their temperatures by equal quantities of fire. 
Thus it is found, that the ſame quantity of fire, 
which raiſes a pound of water one degree, will 
raiſe a pound of mercury 28 degrees ; from whence 
it has been deduced, that the ſpecific fire of wa- 
ter is to that of mercury, as 28 to one. 
As equal weights of heterogeneous ſubſtances 
are found to contain , unequal quantities of fire, 
there mult be certain eſſential differences in the na- 
ture of bodies, whereby ſome can collect and re- 
tain a greater quantity of fire than others. Theſe 
different powers are called the capacities of bodies 
for containing fire. Thus, if you find by experi- 
ment, that a pound of water contains four times 
as much fire, as a pound of diaphoretic antimony 
at the ſame temperature, the capacity of water 1s 
Taid to be to that of antimony, as four to one. 
The temperature, the capacity for containing 
fire, and the fire contained, may be diſtinguiſhed 
from each other in the following manner. When 
we ſpeak of the capacity, we mean a power inhe- 
rent in the heated body; by fire, the fluid retained 
in the body by means of this power; when we 
ſpeak of temperature, we conſider fire as produ- 
cing certain effects upon the thermometer. 
The capacity for containing fire may conti- 
nue unchanged, though. the quantity of fire be 
varied. If a pound of ice be ſuppoſed to retain it's 
ſolid form, the quantity of fire will be altered by 
every increaſe or diminution of heat ; but as long as 
© It's 
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it's form or ſtate continues the ſame, it's capacity 
for receiving is not affected by an ee of 
temperature. 

A body with a ſmaller capacity for containing 
fire, has it's temperature more augmented by the 
addition of a given quantity of fire, than that whoſe 
capacity is greater. Hence the temperature of a 
body depends partly upon the quantity of fire, and 
partly upon the nature of the body containing the 
fire; and conſequently the temperature may be 
varied, either by a change in the nature of the bo- 
dy itſelf, or by a change in it's quantity of fire. 

If the variation in temperature ariſe from the 
firſt of theſe circumſtances, it follows, that in the 


ſame body the temperature may vary, though the 


fire continues the ſame. 

If, for example, a body of a given weight be 
ſuppoſed to have a capacity as one, a quantity of 
fire as ten, and the temperature computed from 
the point of total privation, as if the capacity be 
conceived to be doubled, the ſame quantity of fire 
which before raiſed it to the temperature of ten, 
will now be ſufficient only to raiſe it to five. 

Dr. Crawford lays down the following facts as 
the principles upon which his very curious expe- 
riments are founded; which J relate more willingly 
to you, as they will confirm the greater part of 
what we have already ſaid to you on the ſubject, 
and tend to impreſs it more ſtrongly on your 
minds. 

1, Fire has a conſtant tendency to diffuſe itſelf 
over all bodies, till they are brought to the ſame 
temperature. 

Thus if two bodies are mixed together, or 
placed contiguous to each other, the fire paſſes 
from one to the other, till they are of the ſame 
temperature ; and all inanimate bodies, when 
heated and placed in a cold medium, gradually 

loſe 
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loſe heat, till they are brought to the ſtate of the 


ſurrounding medium. 6 

In other words, bodies in contact, or that com- 
municate with each other, will all acquire, after 
a certain length of time, the ſame temperature, 
however different their reſpective original tempe- 
ratures may have been. Two bodies, which when 
in contact neither receive nor impart heat, are of 
the ſame temperature. All bodies, therefore, which 


by direct or fucceffive contact communicate with 


each other, muſt have the ſame temperature, or 
the fire will diffuſe itſelf among them, till they 
have acquired a common temperature. | 

Conſequently the various claſſes of bodies 
throughout nature, if they were not acted upon by 
external cauſes, would at length acquire a com- 
mon temperature, and the fire would be quieſcent; 
as the waters of the ocean, if not prevented by 
winds, and by the action of the ſun and moon, 
would come to an equilibrium, and would remain 
in a ſtate of reſt. But cauſes continually occur in 
nature, to diſturb the ballance of heat, as well as 
that of the waters of the ocean, whoſe waters are 
kept in a conſtant fluctuation. 

2. Fire is contained in all bodies in conſiderable 
quantities, when at the common temperature of th 
atmoſphere. | f 

We are told by Dr. Pallas, that in the deſerts 
of Siberia, during a very intenſe froſt, the mercu- 
ry was found congealed in the thermometers ex- 
poſed to the atmoſphere, and a quantity of that 
fluid in an open bowl placed in a ſimilar ſituation, 
at the ſame time, became ſolid. Now it has been 
proved by experiments made at Hudſon's-bay, 
that the freezing point of mercury, is very nearly 40 
degrees below the zero of Fahrenheit's ſcale: to this 
degree the atmoſphere in Siberia muſt have bcen 


cooled. From a paper read at the Royal Society, we 


learn 
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learn that in the winter, 1785, a ſpirit of wine ther- 


0 


112 degrees below the freezing point of water. It 


is therefore plain, that there is a conſiderable 
quantity of fire acting in all bodies, when at the 
common temperature. „5 

3. Itbe parts of the ſame homogeneous ſubſtance 
bade 4 common temperature, the quantity of fire will 
be proportional to the bulk or quantity of matter. 
That is, a pound of gold contains an equal quan- 
tity of fire, with another pound of gold at the 
fame temperature, and a pound of water an equal 
quantity with another pound of water; and the 
quantity of fire in two pounds of water is double 
that which is contained in one pound; when at the 


r 


ſame temperature. „„ | 
4. The dilatations and contractions of the fluid 
in the mercurial thermometer, are nearly proportio- 
ral to the quantities of fire which are communicated 
to the ſame homogeneous bodies, or ſeparated from 
them, as long as they remain in the ſame ſtate. 
Thus the quantity of fire required to raiſe a 
body, four degrees in temperature, by the mercu- 
nal thermometer, is nearly double what is requi- 
red to raiſe it two degrees, and four to raiſe it one 
degree, and ſo on in proportion.” 
The capacities of bodies for containing fire are 
rk, permanent, as long as they retain the ſame 
orm. | 


permanent, when the ſame quantity of fire which 
niſes it to one or two degrees, as meaſured by an 


equi=Jifferential thermometer at a given tempera- 


lure, will raiſe it an equal number of degrees at 
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all other temperatures. On the contrary, the ca- 
pacity is ſaid to be increaſed or diminiſhed by an 
alteration of temperature, when, in conſequence of 
ſuch an alteration, a greater or leſs quantity of fire 
muſt be applied to produce an equal effect upon 
the thermometer. rate | 
Mie have already ſhewn you, that the mercu- 


. 


rial thermometer is nearly an accurate meaſure of / 
heat, and that when equal portions of warm and , 
cold water are mixed together at different tempe- 
ratures, the mercurial thermometer indicates very e 
nearly an arithmetical mean; and conſequently 1 
that the capacity of water is permanent in all the q 
intermediate temperatures between the freezing - 
and boiling points. For if, when the heat aug- ; 
mented, the capacity of water was increafed, an WW. © 
equi-differential thermometer would point to more; 1 
and if diminiſhed, leſs than the arithmetical mean. 2 
If two equal and ſimilar bodies that differ in | 
temperature, be brought together, they will by b 
communication acquire a common temperature, c 
and their quantities of fire will by that means be bs 
rendered equal: that is, the hotter of the two 8e 
bodies will have communicated half it's excefs to a 
the colder; therefore the quantity of fire in one of b 
theſe two equal bodies, will be an arithmetical 1 
mean between the two quantities originally poſ- N 
ſeſſed by each of them; in other words, it's tem- Pre 
erature will exceed the colder exactly as much as bes 
it falls ſhort of the hotter body. - 5 
If the two bodies had been unequal, they f ; 
would alſo acquire a common temperature by com- 0. 
munication, but the exceſs of fire would not have 11 


been equally divided between them. For the 
antity of heat in ſuch bodies is in proportion to tl 
Hal quantities of matter; and the exceſs of heat 6 
in the hotter body, is divided between them in po 
roportion to their weights. 
* | | From 
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From hence it is concluded, that the quantity 


of fire required to be added to or taken from bodies 


of the ſame kind, to produce equal changes of tem- 


perature, will be i in ts to their quantity of 
matter. 


* equal alterations of temperature, in equal 
weights of heterogeneous bodies. 


Thus, if the temperature of a pound of mer- 
cury be raiſed one degree, and that of a pound of 

water one degree, it will be found, that unequal. 

quantities of fire have been communicated to the 


mercury and to the water. 
If a pint of mercury at 100, be mixed with an 
equal bulk of watg 
in the mercury will be to that produced in the wa- 
ter as 3 to 2. From whence it is inferred, that the 
fire in a pint of mercury, is to that in a pint of 
water as 2 to 33 or that the ſpecific fire in theſe 
bodies is reciprocally proportional to the changes 
of heat produced in them, when they are mixed to- 
gether at different temperatures. | 

__ Toilluſtrate this further, let four pounds of 


diaphoretic antimony at 20 be mixed with one 
pound of ice at 32, the temperature of the mixture 
will be nearly 26. The ice will be cooled 6 de- 
grees, and the antimony heated 6 degrees. Re- 
verſe the experiment, and the effect will be the 
ſame, Take 6 degrees of heat from four pounds . 
of antimony, and add it to a pound of ice, the 
latter will be heated 6 degrees. The ſame quan- 
tity of fire, which raiſes a pound of ice 6 degrees, = 


will raiſe four pounds of antimony 6 degrees. 
If this experiment be made at different tempe- 


ratures, you will have the ſame reſult : now as the 


power (capacity) by which bodies retain and re- 
ceive fire, remains the ſame while they retain the 


lame Leun, not being altered by a change of tem- 


D d 2 perature ; 


8. Chen quantities of fire are - required to 


at 50, the change produced 
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perature; it follows, that the ſame quantity of fire 
which raiſes ice 200, oranygiven number of degrees, 
would raiſe the antimony an equal number of degrees. 
L Ib. of ice, therefore, and 41b. of antimony when 
at the ſame temperature, contain equal quantities 
df fire. But four pounds of antimony contain 
four times as much fire as one pound: therefore 
the quantity of fire in a pound of ice is to chat! in 
a pound of antimony as four to one. 

That you may underſtand this ſubject better, 
I ſhall now ſtate it more accurately in Dr. Craw- 
ford's words. Dr. Black perceived, that by mix- 
ing together bodies at different temperatures, an 
eſtimate might be formed of their comparative 
quantities of heat, or of their , r for con- 
taining that element. 

Thus when a hot and cold body are mixed 1098 
ther, if their capacities for heat be equal, the di- 
minution in the temperature of the former, and 
the increaſe in that of the lattet, will be half the 
difference of the ſeparate heats ; or the thermome- 
ter immerſed in the mixture, will point to an arith- 
metical mean. But if their capacities for heat be 
anequal, the common temperature of the mixture 
will not be the arithmetical mean; it will be near- 
er to the original heat of the body, which has the 


greater capacity, than to that of the other. If, for ca 
example, a pound of mercury at 79 be mixed with th 
a pound of water at 50, the temperature of the bu 
mixture will be 51; or the mercury will be cooled 
28 degrees, and the water will be heated only one in 
degree. Hence Dr. Black inferred, that water has pet 


a much greater capacity for heat than mercury. 


Having thus diſcovered a meaſure for deter- is 
mining the comparative quantities of heat in bo- the 
dies, it was found by a ſeries of trials which were any 
inſtituted by Dr. Black and Dr. Irvine upon me- W pro 
tallic and Cline bodies, that the element of fire 18 life. 


diſtributed 
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diſtributed in various proportions throughout thoſe 
ſubſtances, or in other words, that in equal weights 
they contain unequal quantities of elementary fire. 
2. It likewiſe appeared, that when bodies undergo a 
change of form, their capacities for containing 
heat or elementary fire, are, for the moſt part, ſud- 
denly increaſed or diminiſhed, When their capa- 
cities are diminiſhed, they part with a portion of 
their elementary fire; and when their, capacities 
are again increaſed, they re-abſorb an equal portion 
of fire from the ſurrounding bodies. Dr. Black 
has ſhewn in particular, that when ſolid bodies, by 
_ expoſure to heat, are changed into liquids or into 
vapour, they abſorb a quantity of elementary fire, 
which is neceſſargto their exiſtence in the liquid 
or vaporific Torn and that on the contrary, when 
vapours are condenſed, or non- elaſtic fluids are 
congealed, they part with the heat which they had 
before abſorbed . 9 | 2 
In reflecting on theſe facts, Dr. Crawford. 
thought it probable that by meaſuring the com- 
parative quantities of fire in the ſold and fluid 
parts of animals, as well as in alimentary ſubſtan. 
ces, he might be enabled to trace the ſource of ani- 
mal heat. „ 
f The reſult of his inquiry led not only to the 
cauſe of this phenomenon, but likewiſe to that of 
the heat produced by the inflammation of com- 
buſtible bodies. ; | 9 
The evidence upon which his doctrine reſpect- i 
ing the cauſe of animal heat and combuſtion de- = | 
pends, is compriſed in the following propoſitions. W | 
I. The quantity of heat contained in pure air | | 
- is diminiſhed by the change which it Kappy ci in | 4 


We 


* the lungs of animals; and the quantity of heat in 19 
e any kind of air that is fit for reſpiration, is nearly | 0/0 
- WW proportioned to it's power in ſupporting animal q.| 
15 life, | D d 3 8 I | 
1 
1 
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| a2dly, The blood which paſſes from the lungs 
to the heart by the pulmonary vein, contains more 
abſolute heat (fire) than that which paſſes from 
'the heart to the lungs by the pulmonary artery. 
| 3dly, The comparative quantities of heat in 
bodies, ſuppoſed to contain phlogiſton, are in- 
creaſed by the changes which they undergo in the 
proceſſes of calcination and combuſtion. 
Athly, When an animal is placed in a warm 
medium, the colour of the venous blood approach- 
es nearer to that of the arterial, than when it is 
Placed in a cold medium; the quantity of reſpire- 
ableair which it phlogiſticates, in a given time, in 
the former inſtance, is leſs than that which it phlo- 
giſticates during an equal ſpace gktime in the latter; 
and the quantity of heat produit when a given 
portion of pure air is altered by the reſpiration of 
an animal, is nearly equal to that which 1s pro- 
duced when the ſame quantity Air is altered by 
the burning of wax or charcoal. 
Having eſtabliſhed the trutſſ of theſe propo- 
ſitions by direct experiments, Dr. Crawford de- 
duces from them the following explanation of the 
cauſe of animal heat and combuſtion. 
The purer part of the atmoſpherical air recei- 
ved into the lungs of animals in reſpiration, is con- 
verted by it's union with the inflammable princi- 
le of the blood into fixed air, and aqueous vapour. 
Ft appears by experiment, that the quantity of ele- 
mentary fire contained in pure air, 1s to that con- 
tained in fixed air, and aqueous vapour, nearly as 
three to one, | $a | by 
Hence it follows, that in the proceſs of reſpi- 
ration, the pure air muſt neceſſarily give off a con- 
ſiderable proportion of it's elementary fire. It 
moreover appears from the ſecond propoſition, that 
the blood in it's paſſage through the lungs, has the 
quantity of it's clementary fire increaſed ; and con- 
| ſequently 
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ſequently in the proceſs of reſpiration, a portion 
of that element muſt be abſorbed by the blood. 
The truth of this inference is farther confirmed by 
the reſults of the experiments which were adduced 
in proof of the third and fourth propoſitions. 
For from the third propoſition it appears, 


that when bodies are united with the inflammable 


principle, they part with a portion of their ele- 
mentary fire, and that when this principle is again 
diſengaged, they re-abſorb an equal portion of 
fire from the ſurrounding bodies. It moreover 
appears from the experiments of Dr. Prieſtley, that 
in the proceſs of reſpiration the inflammable prin- 
ciple is Farated from the blood, and combined 


with the air? Hce it follows, that the quantity 


of elementary fiMnythe former muſt be increaſed, 


and that in the, latter diminiſhed. This conclu- 


ſion is ſtill further corroborated by the fourth pro- 
poſition ; whence it appears, that the guantity of 
the inflammable principle diſcharged, and of ele- 
mentary. fire abſorbed, in the proceſs of reſpira- 


tion, is greater or leſs, in proportion as the animal 


is expoſed to a colder or to a warmer medium. 
The explanation of the cauſe of combuſtion is as 
follows. 

It appears, by experiment, that the purer part 
of atmoſpherical air contains much elementary 
fire; that when it is converted into fixed air and 
aqueous vapour, the greater part of this fire is de- 
tached; and that the capacities of bodies for con- 
taining heat are increaſed by the changes which 
they undergo in the proceſs of combuſtion. 

Hence it 1s inferred, that the heat which is 
produced by combuſtion, is derived from'the air, 
and not from the inflammable body; for inflam- 


mable bodies contain little elementary fire. Atmo- 


ſpherical air, on the contrary, abounds with this 
principle. . In the proceſs of inflammation, the 
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pure air is, for the moſt part, converted into fix- 
ed air and aqueous vapour, and at the ſame time 


gives off a great proportion of it's fire, which, when 
extricated, ſuddenly burſts forth into flame, and 


roduces an intenſe degree of ſenſible heat. It is 
inferred, on the contrary, that no part of the heat 
can be derived from the combuſtible body; for the 
combuſtible body, during the inflammation, un- 


hat t 

heat, which is excited in combyſt 
the ſeparation of fire from th purer part of the 
atmoſpherical air. If the quantity of air, which 
is changed by the proceſs of combuſtion in a given 
time, be very great, the change is attended with 


much light, with a vivid flame, and with intenſe 


heat; but if the alteration in the air be flow and 


_ gradual, the heat paſſes off imperceptibly to the 


It is hardly neceſſary ta obſerve to you, that 


Dr. Crawford's ingenious theory differs, in ſome 
refpects, from what has been already laid down in 


ſurrounding bodies. 


theſe Lectures; it remains for you ta decide which 


is moſt conformable to natural appearances. In 
this deciſion you will be aſſiſted by the facts and 
conſiderations that will be introduced in ſome of 
the ſubſequent Lectures. I ſhall therefore con- 


clude this with a few general obſervations on the 


doctrine of capacities for fire. 
No proper eſtimate can be made of the quan- 


tities of heat bodies are capable of giving and 


receiving, unleſs: fire never acted in any other 
ay than by affecting or dilating the volume. 


This, 


, depends upon 


$s ood. ed Send Sat ee. cr ae Ents 
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This, however, is not the caſe; for fire appears to 


reſiſt other actions of bodies beſides that of gravi- 


tation. Unleſs therefore it be ſuppoſed, that in 
the various compoſitions, which take place even 
in the moſt homogeneous ſubſtances, the different 
kinds of matter are equally proportioned and diſ- 
poſed, no rule can be properly formed with re- 

rd to the quantity of heat, which bodies of dif- 
ferent ſubſtances ſhould give or receive, when the 
equilibrium of heat among them and ſurrounding 
bodies 1s changed. | 


But further, the weight of bodies is not the 


part which ſhould be conſidered in the theory of 
capacities; it is their volume, or the ſpace they 
occupy, which ſhuld be chiefly attended to; for 
a vacuum, whichimmas no weight, contains fire. Nor 
are the different degrees of tendency among the 
particles of the ſubſtances to be noticed in this 
. theory; for in a vacuum there is no ſenſible ſub- 
ſtance to reſiſt the dilatation of fire, yet it is as 
much compreſſed, or ſhews the ſame degree of ex- 
panſibility as in other ſubſtances of the ſame tem- 
perature. From hence it is highly probable, that 


the phenomena of capacities are occaſioned by the 


expanſive faculty of fire; for no one can doubt, 
that at the ſame temperature, and with the ſame 
volume, but what there is leſs in a vacuum than 
in other bodies. | | 
Although the Torricellian vacuum, when well 
made, ſeems deprived of every ſenſible ſubſtance, 


a thermometer included in this place would con- 


form itſelf to the exterior temperature, as if it 
were in the air, in water, or any other ſubſtance. 
If then it's expanſive faculty does not augment in 
this ſpace, where it is the only known ſubſtance, 
it ought to be in greater quantities there than in 
any other equal ſpace occupied partly by the par- 
ticles of another ſubſtance, But it is probable, of 

. f | | equal 
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equal ſpaces, it is that which contains the leaft 
fire: if any one doubts this conjecture, let him 
try it by experiment, according to the preſent 
theory of capacities ; but firſt let us inquire of 
him what weight he would aſſign to the vacuum? 
Ihe capacity of bodies, with reſpect to heat, 
ſuppoſes two things, 1. That there is a quantity 
of diffu/ible fire to be communicated among bodies: 
and 2dly, that there is an equilibrium ſtate of 
heat to be formed among them, by each giving or 
receiving it's proper quantity. This transferable 
ſubſtance may be termed diffuſible fire, to diſtin- 
guiſn it from the conſtitutional fire of bodies, which 
is not immediately diffuſible. ä 
In the conſtitutional firekof bodies, two 
ſpecies may be diſtinguiſhed, according as the bo- 
dies are ſolid (concreted) or fluid. But every na- 
tural body muſt have a certain degree of conſti- 
tutional fire, without which: the diſtenſion of the 
body would be extinguiſhed by the condenſing 
powers. Thus then is the conſtitutional fire of 
volume, or power of diſtenſion, neceſſarily oppoſed 
to a certain quantity of gravitating or condenſing 
power. . | 
Volume, in natural bodies, is an eſſential qua- 
lity, and fire acting as heat in volume, is an eſ- 
ſential principle. There is therefore in bodies a 
conſtitutional degree of heat which cannot be ſe- 
arated; and it is only the ſuperfluous heat, which 
may be diffuſed among bodies, according to their 
capacities for receiving it. 55 
But as volume in bodies is a changeable qua- 
lity, there may be a certain quantity of fire, which 
in one degree of diſtenſion may be conſidered as 
conſtitutional for that particular volume, which 
in another degree, or in a different volume, might 
become ſuperfluous and diffuſible. 5 
| „ nr, Bodies 
De Luc's Letters in the Journal de Phyſique, 
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| Bodies are found to be compoſed of two dif- 

ferent kinds of matter, and to ſubſiſt in three diſ- 
tinct ſtates or modifications of their compound ſub- 
ſtance; which three ſtates are commutable, ac- 
8 cording to the changed proportions and circum- 
ſtances of the matter or conſtituent principle. 
Hardneſs may be conſidered as the firſt of thoſe 
ſtates, in which the power of concretion, as well 
as gravitation, is found to prevail. Secondly, 
there is ſoftneſs or fluidity, in which nothing but 
the power of gravitation is perceived, and when 
the power of concretion is ballanced by a certain 
quantity of fire, diſtinguiſhed by the name of la- 
tent fire. And thirdly, we find the ſtate of fluid 
elaſticity, where not only the power of concretion 
is ballanced by Kertain quantity of fire, but alſo 
the power of gravitation, which ſhould tend con- 
tinually to diminiſh the volume of the body, i is op- 
poſed by another quantity of fire, imparting elaſ- 
ticity and expanſion to the ſubſtance of this body. 

The diffuſion of fire is an action and effect of 
this matter, diſtinctly different from thoſe which 
are produced by oppoſing the gravitation and con- 
cretion of matter in a body. | 
| The diffuſion of fire is a peculiar action there- 

of, and which, like every other event, takes place 
only when the proper conditions for this action ſhall 
arrive; it is therefore by knowing thoſe conditions 
that this operation in bodies is to be underſtood, 
as it is by the changed volume, and different ſtates 
of bodies with reſpect to hardneſs and fluidity, as 
alſo by our ſenſations, that this diffuſion of fire, 
from one body to another, may be concluded as 
having taken place. 

To purſue this element in it's various modifi- 
cations, you muſt diſcriminate the action of fire, 
when it oppoſes and ballances the action of gravi- 
tation and of hardneſs, from that operation of 

1 tranſition, 


* 
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tranſition, by which it 1s tranſlated from one body 
to another, or by which without changing the 
body it leaves the oppoſition and ballance of one 
power in order to reſiſt another. This elective 
action of fire neceſſarily requires conditions, 
without which matter never acts. But ſuch 
is our imperfect knowledge of the conſtitu- 


tion of material things, that we cannot attempt 


to give a detail of the conditions by which the 
action of tranſition in fire may be influenced or 
affected. 1 tTp ors $ 
Though we cannot perceive the condition of 
theſe actions, yet enough has been inveſtigated to 


| diſcover wi/dom in the laws of actions, by which 


Roſe conditions are conceived to be rendered ſub- 


ſervient to certain ends. The manifold operations 


neceſſary to produce hardneſs, ſoftneſs, fluidity, 
&c. in all their various degrees, are conducted 
amidit powers indefinitely multiplied, combined, 
and oppoſed; yet there does not appear the leaſt 
confuſion or diſorder in the, effect. | 

I have now finiſhed-the Lectures on fire, in 
which I have given you a general account of it's 


agency and operation. You have ſeen it produce the 


moſt wonderful changes in bodies: theſe and va- 
rious of it's effects are well known, while it's own 
nature ſtill remains amongſt the moſt inſcrutable 
myſteries. It manifeſts itſelf in a variety of forms, 
a diverſity and apparent contrariety of effects; it 
dwells in the moſt compacted ice, and is quieſcent 
in the dark flint, yet diffuſes a world of light 
through the planetary ſyſtem. It's operations are 
reducible to no ſtandard; for it acts according to 
the kingdom in which it moves, and the ſubject it 
poſſeſſes; in heaven it is a celeſtial fire, and the 
principle of a joyous life; in hell it is a helliſh 
Hre, and a ſource of torment; in this mixt world 


of good and evil, it aſſumes more forms than 
| „ Proteus. 
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Proteus. It flaſhes in lightning, and faintly illu- 
mines the glow-worm's feeble lamp; it warms us 
by the conſumption of our fuel; it deſtroys and 
reſerves life, and is the root of all vitality, from 


the higheſt archangel to the leaſt minim in nature. 


Without it there would be neither vegetation, nor 
animality, nor appetite, nor conjunction, nor fe- 
cundity, nor growth. In a word, it may be con- 
ſidered in it's miniſtry, under the Omni potent Ar- 
tificer, as the ſoul of the world, and, the life of 
erecon, : oo 

The rays of the ſun, or the heat of an artificial 
fire, which is equivalent, are ſo abſolutely neceſſary 
to the growth of herbs, that in their ſeaſon for 
taking in the ſap, in their ſtature, and in their qua- 
lities they are wholly influenced by the ſolar rays. 
The plants which are loweſt in ſtature appear firſt 
early in the ſpring ; theſe are ſucceeded by others 
of a larger ſize, till at laſt the under ſhrubs and 
trees put forth in their order ; when the ſun is at 
it's greateſt exaltation in ſummer, the whole ve- 
getable creation is in it's greateſt glory and beauty. 
As the ſun declines, this vegetative motion lan- 
guiſhes ; and the order they obſerved in putting 
forth their leaves, flowers, and fruits, is now in- 
verted in their decay; the talleſt trees are generally 
the firſt that drop their leaves, and the lower fol- 
low at a proper diſtance, till by degrees the ſmall- 
eſt ſhrubs, except ever-greens, are all ſtript of 


their covering, and ſo continue till the ſun, at his 
return, puts new life and moiſture into their veins. 


It is to the powerful agency of fire you muſt recur 
to account tor the alterations of which the bodies 
'of vegetables and animals are ſuſceptible. The 
motion of the ſap, the mild fermentation which 
ripens fruit, the compoſition of animal fluids, their 
decompoſition, ſucceſſive changes and putrifrac- 

| tion; 
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tion, in theſe and infinitely other phenomena, fire 
is the governing principle. 

Air, light, and fire, are the inſtruments, 
which God has manifeſtly ordained as ſecondary and 
ſubſervient to his own power in the economy of 
the material world ; and they are ſo univerſally ex- 
tended and incorporated with other things, as to 
be ſerviceable in the motion of all it's particular 
parts. One or the other of theſe is preſent to all 
thoſe effects which have fallen under the obſerva. 
tion of philoſophers. This concluſion may indeed 
be deduced from premiſes plain and obvious, with- 
dut the aſſiſtance of philoſophy or the mathematics. 


For what learning is neceſſary to diſcover that /ight | 


gives fight to the eyes? that air is the breath of life? 
and that without fre, applied to it's proper degree, 

the blood is congealed and the limbs are inflexible? 
All this is evident to the moſt undiſciplined ap- 
prehenſion: for a man is no ſooner born into the 
World, than he makes moſt of the experiments 
neceſſary for obtaining this knowledge ; - and .he 
may challenge the moſt ſubtle philoſopher, to name 
the ſubſtance or fluid that can ſupply the Pe of 
either of them. 

Before I quit this ſubject, it will not be unen- 
tertaining to take a ſhort view of ſome parts of my- 
thological learning. When the world,” ſays the 
learned author of the Trinitarian Analogy, *f by fol- 
lowing it's own wiſdom, departed from the true 
God, they left the ſubſtance, and kept the ſhadow ; 
they worſhipped the creature inſtead of the Crea- 
tor : but ſtill they were right thus far, in that they 
retained as the objects thoſe very elements of the 
natural creation, which had been appropriated to 
give them ideas of the Creator. In this capacity 
as ſubſtitutes, they were the 7ruth of God ; but 
when deified in themſelves, and taken as princi- 
pals, they were changed into a lie. 


« Fire, 
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. « Fire, light, and air, the ſcriptural emblems, 
were univerſally adored throughout. the heathen 
world. Moloch in Syria, Apis in Egypt, Vulcan 
in Greece and Italy, were names given to the ele- 
ment of fire. Light was worſhipped under the 
names of Apollo, Mithras, &c.“ No Latin ſcholar 
need be told that Jupiter was the air; the poets, 
even uſing the proper name of Jupiter, as an ap- 
pellative term to ſignify the air; and all the epi- 
thets given to him are applicable to the ſame 
clement.” | 

This I ſhall further develope in the hiſtory of 
Vulcan, who in the general ſenſe ſeems to be the 
univerſal fire diffuſed through e vaſt maſs of in- 
ert matter, which in a prior form was thought to 
be water. The moſt ancient philoſophers of Egypt 
and Greece agreed in conſidering water as the 

matter, the hyle, or mother of all things; and fire 
the father of it's life and animation. | 5 
Fire, the moſt active, univerſal, and prolific 
agent, cannot operate upon itſelf; it requires a wife, 
a female, a lower matter whereby to manifeſt it's 
aſtoniſhing and various effects ; and when matter or 
Venus is united thereto, fire, which ſeems one 
ſimple and uncompounded effence, puts on ten 
thouſand beautiful forms, colours, and motions, 
through every department of nature; from mine- 
rals, by a gradual. aſcent, to vegetables, to ani- 
mals, to man. | 9 | 
When the ſpark or atom of fire lies hid in 
FT. 2 primary 

* Bacchus, or wine, is the ſolar fire in the juice of the grape, 
ſo tinctured with it's genial beams, as to be capable, when drank. 
with temperance and moderation, to exhilarate the body, mind, 
and imagination. 1 


| + See R. Clarke's Series of Letters, Vol. 1. 
Jones's Phyſiological Diſquiſitions. 
Letters from a Tutor to his Pupil, 


Harris's Hermes, ; 


Maurice's Hiſtory of Hindoſtan, 
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primary matter, it is dark, deformed, and no ways 
promiſing ſuch a fair contexture and life as it 
will be clothed with when it has built it's houſe or 
body, in which it ſeems dormant awhile. In this 
ſenſe it was Vulcan deformis. 
But fire united with matter, Vulcan to Venus, 
or matter yielding to the ſignatures impreſſed by 
this univerſal agent, 1s the father of the wonderful 
variety as well as uniformity ſo conſpicuous in the 
great theatre of the viſible world. Being dark and 
inviſible in it's internal operation, when bedded 
in the ſeed and center of all things; Vulcan, in 
reference to this ſtate, may be well called black 
and ugly. Conſider any ſeed, fee how it putrifies, 
grows black and factid, before it riſes into a 
new life of vegetation and animation; and who 
would think that this deformed proceſs in nature, 
the handmaid of Providence, ſhould lead to the 
evolutions of ſuch variegated beauties and powers as 
nature aſſumes, in the diverſity of corporeal forms, 
in every ſcale of being animate and inanimate, 
No oe æ , GLO 
Vulcan repreſenting the principle of fire in 
nature, was conſidered as married to Venus, who 
ſprung from the ſea or watery clement ; thus is this 
wife the apparent mother of grace, beauty, colour, 
figure, and motion; for with the ancients matter in 
every living form began from water, and having paſl- 
ed through various changes effected by fire, manifeſts 
that inexpreſſible variety diſplayed through all the 
creation. Hence Venus, or water, riſing up into 
the forms of trees, flowers, and vegetables, into 
birds of variegated plumage, into animals of dif- 
ferent kinds of cloathing, and laſtly and moſt per- 
fectly in man the microcoſm, was called the mo- 
ther of the graces, moſt beautiful and naked, be- 
cauſe nature in all it's profuſion of forms and co- 
lours, is moſt amiable in her own ſimplicity. © - 
| | Da, Vulcan 
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| Vulcan was tardipes, or ſlow-footed, becauſe 
in the theatre of nature his ſteps are ſcarce percep- 


tible, and his progreſs ſo ſlow and gradual, as not 


to be ſeen but at diſtant intervals. From this ſmall 
ſpecimen, which I muſt leave you to purſue further 
for your own profit and entertainment, you will be 
led to ſee, that there is a ſtriking alliance between 
the theology of ſcripture, the conſtitution of na- 
ture, and the mythological myſteries. of heathen- 


iſm. I ſhall only obſerve further, that ſcripture 
ſeldom, if ever, reproaches the nations for deifying 


men, but for worſhipping the ſun, moon, planets, 


earth, air, and water, under fanciful images of their 


own invention, after the forms of men, beaſts, 
planets, Ko. . 3 
- 2dly, That all diſtinguiſhed names are formed 


from alluſions to fire and light, and that language 


diveſted of metaphorical and topical expreſſions 


deduced from this ſource would loſe all it's ſpirit 


and energy. | N 
The Rev. Mr. Jones has ſhewn, that the ac- 
count of the generation of the world, and it's pre- 
ſent economy, is revealed in ſcripture, not with 
the deſign of ſending us to ſchool to learn philo- 


ſophy as a ſcience, but with a view to the intereſts 


of religion, and therefore ſo far only as religion 
is concerned; and that nature is referred to in the 
Bible for three great ends: 1ſt, To guard men from 
error. 2dly, To open their underſtanding by ex- 
plaining ſpiritual truth from natural imagery. 


;3dly, To inſpire them with ſentiments of devotion. 


The whole is ſo performed as to guard the Hebrews 
from the dangerous and profane doctrine of the 
gentiles, who like modern philoſophers conſpired 
univerſally to deify nature, and confound the Crea- 


tor with his works; and to give to the world itſelf 


that adoration which is only due to it's maker. 


The ſcripture therefore ſets forth the power 
E e | olf. 
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of the true God, the maker of heaven and earth, 


and deſcribes the natural dominion of the laments 


as dependent on the power of the Creator: that the 
fun, the moon, and the hoſt of heaven, obſerve the 
law they received from him in the beginning of the 
world, of which ſubordination and dependance 
the heathens had loft the knowledge, through the 
affectation of philoſophical wifdom, til at length 
nature itſelf took the place of the Creator; the 
ſubſtance of the elements was confounded with the 
ſubſtance of the Deity ; the ſubtle matter of fire 
was held to be the ſoul of the we,,4; the powers 
of heaven and earth became ſo manꝝ diſtinct divi- 
nities; and the hiſtory of their operations was con- 
verted into a religious myſtery, ſuc à you every 
where find in the occult doctrine af, the Pagan 
mythology.* _ 

The ſource of the hicroglyphical SOM of 
the ancients can only be traced with ung from 
the ſcriptures. It is dependent on am important 


truth, that the viſible world is repreſentative of 


the inviſible; that the properties, forms, and mo- 
tions of the one, were copies, images, and ſhadows 
of the attributes, qualities, and laws of the other. 


The knowledge therefore of philoſophy, when in 


it's proper place, enlarges the underſtanding, by 
giving it a proſpect of both worlds, of one from the 
other, of the inviſible from the viſible. The pow- 
ers of nature are ſymbolical of the powers of the 
Deity, and are applied in that pen in numerous 


paſſages of ſcripture. 1 


Jones's Phyſiological Diſquiſitions, introduRtion, p· xv. 
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LECTURE X. 


ER thing around us, all that is within us, 


Las it were with one voice ſpeak the language 
of the apoſtle, and aſſert that GOD IS LOVE. 
Examine the material ſyſtem extending throughout 
heaven and earth, and it preſents you with a vari- 
egated ſcene rich in uſe and beauty; for far and 
wide as is the vaſt range of exiſtence, ſo far is the 


divine benevolence extended. You will find the 


meaneſt and minuteſt objects not without their uſe 
and importance, the moſt diſtaſteful not, without 
their ſweetneſs, the moſt jarring and diſcordant not 
without their order and harmony ; the moſt dark 
and ſhaded, the moſt crooked and deformed, giving 
luſtre to others, and recommending the ſhapely and 
the beautiful. ; 1 

The learning and philoſophy of ages have been 
employed in exploring the works of the Creator ; 


which the more they are examined, conſpire ſtill 


the more to manifeſt his wiſdom and goodneſs: 


evident proofs of this you will find in the preſent 


Lecture. The uſes and ends, the objects and or- 
gans in the natural and moral world, both the lit- 
tleneſs and greatneſs of the phenomena, give the 
cleareſt, the ſtrongeſt, and moſt ſtriking proofs of 
a beneficent Creator. The univerſe, ſeen by a 
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devout eye, appears as an immenfe fphere depend. 
ing by a chain of gold from the throne of God, 
inſcribed on every ſide with divine characters, 
moving in divine order and harmony, and reſplen- 
dent with divine light and beauty. 

But though the kingdom of God 1s in fome ſort 
expreſſive of the nature and character of it's Autboy 
and King; yet the diſplays thereof are partial and 
confined, ſuited to the capacities of it's ſeveral 
fubjects, but opening and enlarging in proportion 
to the improvements they make in every preſent 
diſpenſation. Though the kingdom of God is like 
his attributes, ever full and perfect; yet with 
reſpect to us, it muſt ever be partial and progreſſive, 
adapted to the ſtate of our natural and moral capa- 
eities: it is perfect in every ſpring and wheel as in 
the whole machine, in the origin as in the progreſs 
and conſummation. Divine philofophy, like an, 
optical cylinder, fets all objects right, ranges them 
in their due places, and raiſes what appears to the 
naked eye a confuſed heap of lines, colours, and 
figures, into regular forms, members, and bodies. 

Every individual being, or production in na- 
ture, even the minuteſt, when enlarged to the 
human fight by a microſcope, is a /pe#acle of 
beauty, As much, even of the external world, of 
ſky, ocean, and earth, as the human eye is able to 
take in at one view from the ſummit of a high hill, 
in a fertile country near the fea, ina fun-ſhiny day, 

or in a ſtar-light night, affords the moſt ſublime 
and magnificent ſcene of corporeal beauty conceiv- 

able by man. Now all this beauty, beauty refult- 
ing from the orderly di/poſition of various parts, 
and the harmonious compoſition of them together in 
one whole, is open to the view of all men. Theſe 
and other beauties every where ſurrounding us, are 
as eaſily perceiyed by the unlettered peaſant, as the 


beſt informed philoſophez. | 


0m IE£©eTt £0 0 . VV 1 ee ga on [WI TY a bs a parry _ 1 


— 


th. DA err Es Waco bed 


NATURE AND PROPERTIES Of ELASTIc FLUIDS. 421 


But beſides what is thus daily obvious to an 
ordinary beholder's eye, the deep-ſearching fofilo- 
giſt, the far-travelling botanif, the curious Horiſt, 
nd the inquiſitive aoologiſt, are in every age going 
on to diſcover c objects of beauty, in thoſe parts 
of nature which moſt engage their attention and 
admiration. The laborious aſtronomer is employed 
in diſcovering more and more regularity, harmony, 
and connection in the motion of the celeſtial bodies, 
and conſequently more and more of order and beauty 
in the great mundane ſyſtem. The experimental 
chemiſt, and the ingenious phy/ologift are gradually 
unfolding the hidden meaſures and proportions uſed 
in mixing the elementary and minute parts of na- 
ture, in compounding theſe mixtures, and in de- 


compounding her compoſite parts, that they may 


thus diſcover, how out of inꝰν fi e materials, bodies 
are framed v7/ible to the eye of outward ſenſe. In 
a word, every advancement made in phyſical know- 
ledge is a new diſcovery of ſome beauty unſeen be- 
fore; andof ſuch diſcoveries, I preſume, there never 
can be an end, and that mancanneverattaintoacom- 


plete knowledge of the beauties manifeſted in nature. 


Wide as the extent of the univerſe is the wiſ- 
dom of it's workmanſhip, not bounded and narrow 
like the humbler works of art: theſe are all of 
origin no higher than human. We can readily trace 


them to their utmoſt limit, and with accuracy diſ- 


cern both their beginning and their end. But 
where is the microſcope that can ſhew us from what 
point wiſdom begins in nature?* Where the tele- 
ſcope that can deſcry to what infinitude it extends? 
The more diligent our ſearch, the more accurate 
our ſcrutiny, the more we are convinced that our 
labours can never finiſh, and that ſubjects inex- 
hauſtible remain behind ill unexplored. 
Enough, however, of this knowledge is, and 
„ perhaps 


* Harris's Hermes, 
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perhaps in all ages hath been amongſt men to autho- 


rize the following concluſion, that outward nature 
throughout the univerſe 1s full of beauty ; and from 
this concluſion another will rationally follow, re- 
garding the relation between efe# and cauſe, that 
the fountain of all this beauty, is beauty original, 
beauty 4e, beauty univerſal, the final and formal 
cauſe of all that good which is enjoyed by beings 
who are capable of any enjoyment, and of all that 
beauty which is enjoyed by ſuch as have a ſenſe of 
beauty. Supreme Spirit ! thine is the divine charm 
by which mountain and valley, foreſt and ocean, 
wondrous animal, and a whole creation, in beauty 
and proportion ariſe to being. Let but a few at- 


tractions ceaſe, in whoſe bonds you graſp them, 


and the magic univerſe is at an end; it is without 
form and void, and the yery ruins thereof are not 
to be found, 

As you proceed in theſe 8 you will find 
philoſophers drawing from ſcientific ſources ample 
ſtores of uſeful inventions, ang extending their ſpe- 
culations to practical purpoſes and objects of great 
utility,; and you will be led to think with Lord 
Bacon, that when men have, by proper induction, 
attained a knowledge of the intimate qualities and 
laws of things, they may in the end command 
nature, and perform works as much greater than 
we ſuppoſe practical by the powers of natural ma- 
gic, as the real actions of a Cæſar ſurpaſs the fic- 
titious ones of the hero of a romance.* 

Since philoſophy has ſoared into the regions 
of inviſible aerial ſubſtances, has explored their 
nature, -and inveſtigated their conſtituent princi- 
ples, many hidden veins of ſcience have been 
opened, much wealth has been acquired, and fair 
hopes of reward preſent themſelves to future la- 


bourers, x 


* Sir John Pringle's 8 
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bourers. You will here ſee how art can, from mere 
chalk, unfetter a copious elaſtic fluid, the poiſon 
of man, or his medicine, according to the mode 
of application; which, though inviſible, yet diſſolves 
earth and metals, and imparts ſpirit and virtue to 
the moſt valuable mineral waters. You will here 
learn more of that vital air, of which we have al- 
ready diſcourſed ſo much. You have already ſeen 
how neceffary it is to combuſtion; you will now ſee 
how neceſſary it is to animal life, and be made ac- 
quainted with the reſources of nature, for purifying 
our atmoſphere, which 1s infected from various 
cauſes ; and learn how 1t is repleniſhed with this 
ſalutary and vivifying fluid. The ſubject of the 
preſent Lecture is indeed intimately combined with 
the preceding. All aerial fluids owe their elaſtie 
property, and aeriform ſtate, to fire; ſo that you are 
here only entering into another Proving of, the 
empire of this element. 

Van Helmont was acquainted with the 1 mg 
mable qualities of ſome vapours, and knew that 
others extinguiſhed flame, and ſuffocated animals, 


but had no idea that thoſe ſubſtances were capable 


of being ſeparately exhibited in the form of a PR 
manently elaſtic vapour not condenſible by cold. 
Mr. Boyle, obſerving how much air was con- 


cerned in moſt of the phenomena of nature, and 


how neceſſary it was to the exiſtence of animals, 


became ſolicitous to know whether a fluid of ſo 


great importance was not producible by art; alſo 
believing, that ſuch air might be made ſerviceable 
to the art of diving, and in (ub marine navigation. 


With theſe views, that admirable naturaliſt ſet 


about making ſome new experiments; and from a 

variety of TOR. by different proceſſes, obtained a 

e 4 pneumatical 

* An attempt of Cornelius Drebell to make a veſſel to ro 
under water . men in it. 6 
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pneumatical fluid, * anſwering his, then, only e Cri- 
terion of air, in being of a durably elaſtic nature, 
He ſoon diſcovered that theſe new productions were 
very different from common air, as they preſently 
extinguiſhed flame, and ſuffocated thoſe animals 
that attempted to breathe in them. IN 

Theſe experiments were afterwards reſumed 
hos the Rev. Dr. Hales, a man worthy of our beſt 
eſteem, for his amiable as well as philoſophic qua- 
lities. He confirmed and extended the diſcoveries 
of Mr. Boyle, ſhewing not only that air entered 
into the compoſition of moſt bodies, but aſcer- 
tained alſo the proportion it bore to the reſt of the 
compound-— 12 Hales examined likewiſe the 
mineral waters, and found them abound with air; 
to' that circumſtance he aſcribed their ſpirit and 
briſkneſs, but he did not apprehend that the air he 

roduced was not common air, and. of the ſame 
Find with that Mr. Boyle had extracted from fer- 
menting and efferveſcing liquors. It mult be 
owned, it was hard to conceive how theſe ſprings 
ſhould owe their prime virtues to what in another 
manner of application is ſo deſtructive of vitality. 
His experiments are ſo numerous and ſo various, 
that they are partly eſteemed the ſolid foundation 
* all our knowledge of the ſubject. 

Dr. Browning ſeems to have been the firſt 
e who began clearly to unfold this myſtery, 
and ſhew' that the waters of Pyrmont, Spa, &c. 
owed their pungency, and that volatile principle on 
which rheir virtues chiefly A ng to an elaſtic 
W a ae / 

The greateſſ improvement in this part of 
pneumatics, ſeems to have originated with Dr. 
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Wm Der ripe fruit, fermenting and efferveſcing liquors, and from 
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Mr. Cavendiſh, F. R. S. The influence of Dr. 


Black's diſcoveries has been very extenſive, for 
from his ſchool they were diſſeminated throughout 
Europe, by men zealous of promoting the princi- 
ples of their great maſter. Dr. Black firſt ſhewed 
the cauſe of the cauſticity of alkalies and quick 
lime, the effect of adding fixed air to theſe bodies, 
and of depriving them thereof ; he ſhewed that it 
was the preſence of fixed air in theſe ſubſtances that 
rendered them mild; that when deprived of it they 
are in that ſtate which has been called cauſtic, from 
their corroding and burning animal and vegetable 
ſubſtances; and by theſe and other diſcoveries, 


explained in a clear and ſimple manner, many ap- 


pearances in chemiſtry till then deemed the moſt 
unaccountable. | 
Mir. Cavendiſh added to the method of Boyle 


and Hales for obtaining permanently elaſtic fluids, 
the mode of transfufing them from one veſſel to 


another, and of ſubjecting them to examination. 
By his ingenious and ſtatical mode of operating, he 
has given a practicability and accuracy to what is 
now called the pneumatic apparatus, which has ſince 
been applied with extraordinary ſucceſs, together 
with many other important diſcoveries. There is 
no one who has enriched this ſubject more than 
Dr. Prieſtley, or has analyzed the fugacious element 
of air with more ſucceſs; very few pages on theſe 
ſubjects will be found that do not contain ſome 
diſcovery of his, or ſome improvement on the hints 
he has ſuggeſted ; and ſcience will ever be indebted 


to him for his valuable diſcovery of pure vital air. 


To point out the diſcoveries of Dr. Prieftz 
ley in this branch of ſcience, would incroach 
too much upon our time; his labours far exceed 
thoſe of his predeceſſors, both in extent and im- 
portance. I muſt not, however, forget to men- 
tion M. Lavoifier and Scheele, who for luminous 
order, accuracy nr and forge of _— 
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are unequalled among the promoters of aerial 
ſcience. | | 
Here another labourer in ſcience preſents 
himſelf to our view, Mayow,* who filently, and un- 
perceived in the obſcurity of the laſt century, diſ- 
covered, if not the whole ſum and ſubſtance, yet 
certainly many of thoſe ſplendid truths which adorn 
the writings of Prieſtley, Scheele, Lavoiſier, Craw- 
ford, and other philoſophers of this day. 
He threw away with ſcorn the vague ideas 
annexed by the old chemiſts to the terms ſulphur, 


mercury, &c. He has clearly preſented the notion 


of phlogiſton, which rendered the name of Stahl 
ſo celebrated. He perceived the action of vital 
air in almoſt all the wide extent of it's influence. 


He was acquainted with the compoſition of the 


atmoſphere, and contrived to make the mixture of 
nitrous and atmoſpherical air. He was well aware 
of the cauſe of the increaſe of weight in calces, and 
diſtinctly aſſerted that certain baſes are rendered 
acid by the acceſſion of nitro-atmoſpherical particles, 
or what has ſince been called an acidifying prin- 
ciple. He diſcovered the method of producing 


factitious air, obſerved it's permanent elaſticity, 


and what is ſtill more ſtrange, the nice art of trans- 

ferring it from veſſel to veſſel. - The doctrine of 

reſpiration is all his own. e 
« If Mayow has not clearly expreſſed his opi- 


nions; if he uſes ſuch ambiguous expreſſions as 


require the aſſiſtance of modern diſcoveries to in- 
terpret them; if his experiments do not afford 
deciſive evidence; if he has not deduced the con- 


ſequences of his principles; then let the credit 


of one, who diſcovered far, and that by the light 
of his own genius, be withheld from him in as 
much as he has failed in any of theſe requiſites. I 


Can - 


* Dr, Beddoes's Chemical Experiments and Opinions, extracted 
from a work Publiſhed in the laſt century. 
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can juſt conceive it poſſible that a ſingle a ee e 
diſcovery may be made without much ſagacity : an 
undiſcerning eye may perhaps by chance be ſo 
placed, as to be aware of the manner in which 
nature performs ſome one of her hidden operations: 
but he who ſhall-ſurprize her often, muſt be allowed 
to have the diſcerning eye, and to know where the 
proper point of view is to be found. 

«« Newton's diſcoveries concerning light, ſtand 
in the ſame predicament with Mayow's on air: 
both exhibit themſelves as the greateſt deviations, 
preſented by the whole hiſtory of ſcience, from the 
ordinary and natural progreſs of knowledge ; they 
would undoubtedly (we ſee that it has actually hap- 
pened in the one caſe) they would undoubtedly 
have been ſome time made, but not till a century 
or two had improved the talent, both of obſerva- 
tion and of reflection; though our two illuſtrious 
countrymen, like the progenitor of mankind, when 
the archangel had purged his ſight 

« with euphraſy and rue,“ | 
were, by a peculiar privilege, admitted to the view 
of {cenes reſerved for a diſtant poſterity.” 


Or THE Dre etc APPARATUS, AND OF THE 
METHOD OF MAKING EXPERIMENTS ON VARIOUS 
Kinps or AIR. | 


The apparatus before you is ſufficient for 
moſt of the experiments you will have occaſion to 
make on the different kinds of air. It conſiſts 
of à tub or trough of wood, with a ſhelf fixed 
therein: when you are uſing it, you muſt fill it 
with water, as you ſee it is at preſent, ſo as to riſe 
rather more than an inch above the upper ſurface 
of the ſhelf. Several glaſs veſſels or jars are placed 
with their mouth downwards © on the thelf. See ji 8 


I, Pl. 6. 
w I take 


: 
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I take one of theſe jars, plunge it under the 
water, and then fill it therewith, and afterwards 
raiſe it with the mouth downwards, and place it 


on the ſhelf; it continues, as you ſee, full of water, 


and will do ſo as long as the mouth is immerſed 
therein; for in this caſe, the water is ſuſtained in 
the jar by the preſſure of the atmoſphere, in the 
fame manner as the mercury in the barometer, 
From the Lectures on air, it muſt be evident to 
you, that if common air, or any fluid reſembling 
common air in lightneſs and elaſticity, be ſuffered 
to enter theſe veſſels, it will riſe to the upper part, 
and will depreſs and force out part of the water. 
This glaſs cup 1s full of air; I plunge it into 
the water with the mouth downwards, and you ob- 
ſerve that ſcarcely any water enters the cup, becauſe 
it's entrance is oppoſed by the elaſticity of the air; 
but if I turn the cup up it immediately fills, and 


the air riſes in ſeveral bubbles to the ſurface. I 


will now repeat the operation under one of theſe 


ou filled with water; the air aſcends as before, 


ut inſtead of joining the common maſs, is detained 
in the upper part of the jar. In this manner you 
may convey air from one veſſel into another by a kind 
of inverted pouring, by which the air is made to 
aſcend from the lower to the upper veſſel. When 
the hole in the receiver is ſmall, I place this funnel 
inverted in one of the holes of the ſhelf, then put 
the neck of the receiver over that hole, and the air 
paſſing through the funnel enters the receiver as 

— 888 e 
Niere is a glaſs bottle, fig. 2, the bottom of 
which is blown very thin, that it may ſupport the 
heat of a candle ſuddenly applied without cracking. 
In the neck is fitted a ground ſtopple, which forms 
the lower part of the bent tube. By means of the 
flexure of the tube, I can eaſily introduce the fur- 
ther end under one of the receivers, and by that 
means 
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means convey there any air that may be diſengaged 
from the materials. I may put in the bottle a, fig. 1, 
pl. 6: of theſe I have ſeveral ſizes for different 
purpoſes. Here is a ſmall retort for the ſame pur- 
poſe, the neck of which being plunged under one 
of the jars, the air extricated therein will be re- 
ceived in the jar. | 
Many elaſtic fluids combine with water, and 
therefore require an apparatus in which quickfil- 
ver is made uſe of; a marble trough is the moſt _ 
convenient for this purpoſe. You operate with 
mercury in this apparatus exactly as with water in 
the former; but the receivers uſed with it are 
ſmaller and ſtronger than thoſe uſed with the water 
apparatus. (fig. 3 and 4, pl. 6.) ö 
When any thing, as a ſmall cup, &c. is to be 
ſupported at a conſiderable height within a jar, it 
is convenient to have a bent wire, which takes up 
but little room, and is eaſily fitted to any figure or 
height. : 
8 To expel air from ſolid ſubſtances by means 
of heat, a gun barrel, with the touch-hole ſcrewed 
up and rivetted, is often uſed. The ſubject is put 
into the chamber of the barrel, and the reſt of the 
bore is filled with dry ſand that has been well 
burned, to expel any air it might, contain. The 
ſtem of a tobacco pipe, or a ſmall glaſs tube, is 
luted to the orifice of the barrel ; the other end is 
put into the fire, that the air may be extricated 
from what it contains. N 1 
The moſt accurate method of procuring air 
from ſeveral ſubſtances, is to put them, if they 
will bear it, into phials full of quickſilver, and 
then throw the focus of a burning mirror or lens 
upon them. „„ 5 
To try whether air be fit for combuſtion, you 
may put the air into a long narrow veſſel, whoſe 
mouth 
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mouth being carefully covered may be turned up- 
wards; a piece of wax candle being then faſtened 


to the end of a wire, and fo bent that the flame 
of the candle may be uppermoſt, is to be let down 


into the veſſel, which muſt be kept covered till the 


inſtant the lighted candle is plunged therein.“ 
When the change in dimenſions, which follows 
from the mixture of ſeveral kinds of air, is to be aſ- 
certained, a gradual, narrow, cylindrical veſſel may 
be made uſe of. The graduations may be made by 
pouring in ſucceſſive equal meaſures of water into 


this veſſel, and marking it's ſurface at each addi- 


tion. This meaſure may be afterwards uſed for 
different kinds of air, and the change of dimen- 
ſion will be ſhewn by the riſe or fall of the mer- 


cury in the graduated veſſel. 


As the purity of common air is determined by 
the diminution produced by the addition of ni- 
trous alr, theſe tubes have been called eudiometers. 


There is an inſtrument alſo adapted for meaſuring 


with accuracy the change in bulk that ariſes from 
the mixture of theſe airs. 

The air-pump 1s uſed for extracting the air 
from powders, and ſuch ſubſtances as cannot be 
conveniently put into a phial, or paſſed trough a 
fluid. 

To paſs the electric ſpark through different 
kinds of air, a metallic wire is faſtened to the up- 
per end of a tube, and the ſparks or ſhocks are 


paſſed through this wire to the mercury or water 


uſed to confine the air; or two wires may be ce- 
mented in oppoſite holes in the ſide of an herme- 
tically anon tube. | | | 

3 Os 


Set G0 on air. | 

Nicholſon's Firſt Principles of Chemiſtry, Sond 

But above all, Dr. Prieſtley's Experiments and Obſervations 
on different Kinds of Air. 
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Elaſtic fluids are thoſe which have acquired 
an aerial form, and which have the appearance of 
air; of theſe there are two kinds, thoſe of gas or 
permanently elaſtic fluids, and thoſe of vapour 
which are not permanently elaſtic. 


Permanently elaſtic fluids, or gas, are thoſe N 


which have a great quantity of fire, ſo cloſely and 
intimately combined with the particles of the ſub- 


ſtance, as to preſerve their elaſticity in every known 


temperature, Vapour, or not permanently elaſtic 
fluids, are thoſe, in which fire is not ſo cloſely com- 
bined, and which eaſily loſe their elaſtic ſtate by a 
change of temperature or denſity. 

The various ſtates under which you ſee bodies, 
depend almoſt entirely upon the different quantity, 
nature, and degree of their combination with fire. 
Fluids differ only from folids, becauſe they poſſeſs 
at the common temperature of the atmoſphere the 
quantity of fire which is requiſite to maintain them 
in that ſtate. They congeal or become ſolid with 
greater or leſs facility, according as they require a 


greater or leſs quantity of fire; ſo that bodies ſeem 


to poſſeſs three diſtinct quantities of fire : 
1. A certain quantity which always reſiſts the 
gravitating matter of the body, but which may be 
ſeparated more or leſs : fire thus TI is called 
ſenſible heat. , 
2. The latent fire occaſioning fluidity, by 
which the hardneſs or concreting powers of a body 


are overcome: this quantity 1s in ſome degree 
meaſurable, and might properly be called the la- . 


tent fire of fluidity 5 
3. A certain quantity of fire, by which, un- 


der certain conditions, fluids, &c. may be rendered | 
elaſtic : this may be called the latent fire of elaſti- 
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An elaſtic aeriform fluid, or gas, is then a pe- 
culiar combination of fire with a given ſubſtance. 
To reduce a ſubſtance to the gaſcous or aeriform 
ſtate, conſiſts in diſſolving it in fire, and thereby 
uniting it with an unknown ſubſtance, from which 
union it acquires it's peculiar qualities. Whenever 
gas is formed, there is an abſorption of fire; and re- 
ciprocally whenever gas paſſes into the ſolid or fluid 
ſtate, the portion of fire neceſſary to conſtitute the 
ſtate of gas appears again and is ſet at liberty. 

Fire exiſts in every ſolid body; but the fame 
body contains more fire in the liquid than 1n the 
ſolid ſtate, and ſtill more when it paſſes into an 
acriform ſtate. It is therefore neceſſary to diſtin- 
guiſh in every ſpecies of gas the fire which aQts as a 


ſolvent, and the /ub/tance which is united to it, 


and fer ves as a bile. 
It is evident that fire hl combines with 


fome ſubſtances. I have alteady ſhewn you, that 
there are ſcveral that at the temperature of the 
atmoſphete. are: conſtantly in the ſtate of vapour. 
There are others which require higher * in 
order to acquir t this ſtate; 

In the firſt ſtate, or that of vapour, they ſoon 
loſe the fire which mie them, and return to their 


original form the moment the fire finds colder 


bodies to combine with. In the fecond, or that of 
gas, the fire is ſo combined with the volatilized ſub- 
ſtance, that thy ordinary temperature of the atmo- 
ſphere is not ſu fficient to overcome the union. 
Permanently elaſtic fluids are all compreſſible, 
tranſparent, colourleſs, inviſible, and not conden- 
fable by cold. Some exiſt in nature without the 
aid of art; they may alſo be obtained by artificial 
means. Others are only procured by artificial 
means; ſome combine eaſily with water, others do 


not ; ſo that different methods muſt be uſed to pro- 
cure 


\ 
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cure them, according to the nature of the fluid 
you wiſh to obtain. | | | 
It will be neceſſary before I proceed to point 
out a few among the errors contained in M. Lavoi- 
ſier's * Elements of Chemiſtry; errors which are 
highly prejudicial to true philoſophy, and which 
ſhew, that however excellent he may be as a che- 
miſt, he muſt not be taken as a guide in philoſophy, 
as you will eaſily perceive by conſidering his intro- 
duction to the Elements of Chemiſtry; for you will 
there find him affirming, © that water raiſed to the 
temperature of 212 is changed into vapour, gas, 
or an aeriform fluid.” By uſing theſe words as 
ſynonymous, he introduces the utmoſt confuſion 
into philoſophy. _ | i 3 
Ihe vapour or ſteam of boiling water is un- 
doubtedly an expan/ible fluid, but it belongs to 
that genus of theſe fluids which is deſtroyed by 
preſſure and by cold. Now gas or aeriform fluids 
reſiſt both the one and the other of theſe cauſes, and 
are therefore often named permanently elaſtic fluids. 
This diſtinction, which is inconteſtable, cannot 
be neglected without producing great errors. 
From hence you may deduce another error of 
Mr. Lavoiſier's, namely, where he aſſerts, that 
all bodies are either ſolid or liquid, or in the ſtate 
of an elaſtic acriform vapour, according to the re- 
lation which exiſts between the attrackive force of 
their molecules, and the repulſive force of heat ;** 
for, on the contrary, there are no known bodies to 
Which this ſtatement applies. Again he affirms, 
«that if only theſe two forces exiſted, bodies would 
become liquid at an indiviſible degree of the ther- 
mometer, and would paſs inſtantaneouſly from 
ſolidity to aeriform fluidity ; thus water, for in- 
ſtance, the very moment when it ceaſes to be ice, 
would begin to boil, and would be transformed 
Into an aeriform fluid.” « That this does not 
Vor. I, Ff! “ 
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happen, depends upon the action of a third force, 
the preſſure of the atmoſphere,” ? 
Mr. Lavoiſier falls into two errors here, firſt, 
by conſidering the ſteam of boiling water as an aeri- 
form fluid; ſecondly, by ſuppoſing that there is 
no other union of fire and water in an expanſive 
form, but when the fluid product is ſufficiently 
denſe to counterballance by itſelf the preffure of the 
atmoſphere. Whereas it is evident, from all phe- 
nomena and experiments, that aqueous vapour is 
formed in open air at every temperature, and 
mixes with the air without being deſtroyed by it's 


preſſure. The ſame alſo takes place with other 
fluids of the ſame kind. . | 
Io prove this theory of the production of , 
aeriform fluids by the ſimple union of fire to a liquid, E 
when not counteracted by the preffure of the at- f 
moſphere, Mr. L. cites thoſe expanſible fluids P 
which are formed in vacuo at the ordinary tempe- d 
rature of the atmoſphere, as by ether, alcohol, water, F 
and mercury; and he gives to all theſe mere pro- -M 
ducts of ibs bore the name of aeriform fluids, 2 
though neither of them will refift cold or a ſtrong M I 
preſſure. But beſides, theſe ſame liquids evaporate, _ 
under the preſſure of the atmoſphere as well as in 18 
vacuo, there being no difference in the two caſes, by 
but in the ſime employed to evaporate the fame th 
maſs. In vacuo nothing oppoſes the actions of 1 
fire, firſt in detaching and then in ſeparating toa the 
certain diſtance the particles from the ſurface of = 


the fluid: the air reſiſts both theſe effects, and 
thus retards the operation: but the difference in- 
N fluences only as to time, for the laws of evaporation 

| are the ſame in vacuo as in open air. 
| Each particular kind of vapour has a mecha- 
| niſm peculiar to itſelf, reſulting from the velociiy 
that fire preſerves amongſt it's particles, and the 
aſs of the ſubſtance with which it is ay ht 
| DOIN on | | us 
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Thus with particles of the ſame maſs, the greater 
the velocity of fire in any kind of vapour, the 
greater will be the expanſive force of the vapour. 
There 1s another law of evaporating liquids to be 
attended to, namely, that different kinds will be 
more or leſs denſe at the ſame temperature, and 
thus there may be different maximums for each, 
or diſtances at which their particles will unite : 
for the limits of denſity in vapour ariſe from the 
tendency of the particles to unite when they are 
at a certain diſtance. Theſe laws are exerciſed in 
open air, as in vacuo, and vice verſa. 
Mr. I avoifier. has been led into theſe errors 
by attending principally to the regular diminution 
of the degree of heat at which liquids boil, in pro- 
portion as there is leſs incumbent preſſure on their 
ſurface. Now ebullition is only an accidental 
phenomenon, which enters for nothing in the fun- 
damental' theory of vapours. For if we could ex- 
pel all the air that is contained in liquids, they 


would ever Boil, neither in vacuo nor in air, and 


would then only evaporate at their naked ſurface. 
The evaporation would indeed be flower, but ſtill 
under the ſame laws, and would acquire at the ſame 
temperature an equal denſity with the vapours ariſing 
by ebullition from liquids not purged of air. For 
the degree of heat at which a liquid 5ozls, is that 
where it's vapours are capable of ſupporting alone 
the incumbent preſſure, and which are formed in 
the boſom of the fluid as ſoon as there is any ſolu- 
%% ( 185 

All liquids evaporate in open air, and their 
products (vapours) are ſubject to the ſame laws as 
if no air exiſted ; but no known liquid can alone 
form an atmoſphere as denſe as our's, at leaſt ſo 
long as the vapours do not change their ſtate, for 
as ſoon as they get above a certain degree of den- 


ſtty, they are deſtroyed by the preſſure of the ſu- 
. 1 


perior 
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perior ſtrata, Whereas an acriform fluid may com- 
poſe an atmoſphere without limits, for we know 
of no degrees of preſſure that will deſtroy theſe 
fluids. | 
Hence you ſee how M. Lavoiſier errs, when 
he affirms, © That the views he has taken of the 
formation of aeri form elaſtic fluids, or gas, throws 
great light on the original formation of the atmo. 
ſpheres of the planets, particularly that of our 
earth; for we readily conceive that this muſt con- 
{iſt of all the ſubſtances capable of being evaporated, 
or rather of remaining in an aeriform ſtate at the 


temperature of our atmoſphere, and under a preſ— 


ſure equal to that of a column of quickſilver in the 
barometer 28 inches high.” Now real aeriform 
fluids ſubſiſt at every degree of known preſſure, and 
at every temperature ; but of vapours there are none 
known which can alone ſupport the total preſſure 
of the atmoſphere at it's uſual temperature with us. 
Thus you ſee how one ſmall error leads to others, 
and how readily a falſe principle is adopted to re- 
gulate the ſyſtem of nature by thoſe who love to 
indulge in ſpeculation. | 


Expanſible fluids are become, and with reaſon, 
one of the moſt intereſting objects for a natural 
philoſopher, as their compoſition and decompo- 
ſition is connected with the greater part of thoſe 
phenomena that are daily preſented for obſervation. 
This part of phyſical knowledge was very little 
known before our own time; by the diſcovery 
thereof, ſcience has been eſſentially promoted. 
We ſhould, however, be careful not to be ſeduced 
by novelty, nor ſuffer a pleaſing proſpect to make 
us neglect the fields already cultivated. 
Ml. Lavoiſier ſtill proceeds to heap error on 
error. © To fix (ſays he) our ideas on this ſubject, 
conſider what would have happened to the various 
ſubſtances of our globe, if it's temperature were 
is | ſuddenly 
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ſuddenly altered; if the earth were ſuddenly tranſ- 
ported into a very cold region, the air, or at leaſt 
ſome of the aeriform fluids which compoſe it, 
would ceaſe to exiſt in the ſtate of elaſtic vapours ; 


for want of a ſufficient degree of heat they would 


return to their liquid ſtate, and new liquids would 
be formed, of which we have at preſent no idea.“ 
In this extract you find the ſame confuſion of terms 
as runs through the whole of this part of his trea- 
tiſe; hence alſo a confuſion of phyſical notions : 
for we know of no aeriform fluid that is deſtroyed 


by cold, nor is there any reaſon to ſuppoſe that there 


are any fluids of this kind, that by being deprived 
only of fire are converted into /7quids. With re- 
ſpect to vapours, properly ſo called, we know of 
none, (although there are many kinds in our at- 
moſphere,) but the aqueous, of which the decom- 


poſition produces a liquid. | 


The ſame confuſion affects other parts of his 
work; we ſind him inferring from the two oppo- 
ſite ſuppoſitions of extreme heat and extreme 
cold, «that ſolidity, liquidity, and elaſticity, are 
only three different ſtates of the ſame matter, 
three particular modifications through which 
almoſt all ſubſtances may ſucceſſively paſs, and 
which /olcly depend on the degree of heat. Theſe 
aſſertions involve all our phyſical knowledge 
in obſcurity. Now I know of no ſubſtance but 
ice and metals, which paſs from a ſolid ftate to that 
of a liquid by the addition of fire alone. | 

For thoſe, which even in appearance are fuſi- 
ble alone, are not ſo in the ſame manner after being 
cooled, as they were before fuſion; which proves 
in general, that the fuſion of thefe ſubſtances does 
not proceed from the operation alone of fire, but 
from certain chemical combinations put in action 


Nor is there any known ſubſtance which paſſes 
F from 
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from a liquid to an acriform ſtate by the addition 
of firealone. Indeed this change 1s ſtill myſterious, 
and ſeveral links are ſtill wanting in the chain, in 
order to unite it to our preſent knowledge. 

Fire is without doubt the cauſe of the expay- 

ſion of every phyſical ſubſtance; but there is none 
that we are acquainted with, which by the change 
of fire alone paſs from an aeriform fate into 
ſuch a one as it was known tous when in a concrete 
form, water excepted. Every air that we produce, 
whether by the application of heat to certain ſub- 
ſtances, or by mixture, all leave a reſiduum, and 
always differ from the ſubſtances originally em- 

loyed. The general means of learning what part 
of theſe ſubſtances paſſes into the aerial ſtate, is by 
a comparative analyſis of the ſubſtance itſelf, and 
the ſenſible product therefrom, air and the re/iduum ; 
but whoever conſiders ſcrupulouſly theſe analyſes, 
muſt acknowledge that they are too imperfect to 
ſerve for the foundation of an hypotheſis. 

Among the various hypotheſes, the following 
is that which includes the greateſt variety of caſes, 
and is of courſe the moſt extenſive in it's applica- 
tion; namely, that whatever ſubſtance is employed 
to produce air, watey enters as a conſtituent part of 
that air; that water forms the ponderable or gravi- 
zating part of every aeriform fluid; that though 
fire be the immediate cauſe of their aeriform ex- 
panſibility, yet it does not in this caſe act as the 
fire of dilatation. But further, there is alſo ſome 
ſubſtance wi bout weight which contributes to their 
union, and which forms the diſtinguiſhing charac- 
teriſtic of every ſpecies of air. 

From hence it follows, that to decompoſe any 
air, it muſt be deprived of that ſpecific ſubſtance 
which 1s the medium between the water and the 
fire, The nature of the air may be changed, with- 

our 


prevented by the preſſure of 
light intervenes in ſufficient quantity, it combines 
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out loſing it's aeriform exiſtence, if this interme- 
diate ſubſtance be changed or altered. | 
Fire, when communicated fo, water, forms an 
expanſible fluid, but not one that is permanently 
elaſtic. It is vapour or ſteam that may be decom- 
poſed by compreſſion or cold: but with the addition 
only of /ight to theſe two ſubſtances, an acriform 


fluid is formed, as has been ſhewn by Dr. Prieſtley, 


M. de Luc alſo, in the courſe of his curious experi- 
ments on. hygrometry, obſerved, that the heat of 
the room never produced any air from a veſſel full 
of water therein, but that as ſoon as it received the 
incident rays of the ſun, bubbles of air were formed, 
and continued to be formed as long as the light fell 


upon it. There is in water always a ſufficie 


quantity of fire for the production of va apour, but 
this is not ſufficient for the purpoſe of the 75 
mentioned phenomenon; for vapour cannot be 


produced in the midſt of water in the ordinary 


temperature of the air, the production thereof 1 18 
the atmoſphere; but if 


with the fire and the water, and inſtead of, vapour 


produces an aeriform fluid. 
From what hath been already ſaid, as well as 


from what will appear on a further review of the 


ſubject, I think we may venture to aſſert, that the 
following propoſitionsof M..de Luc give the cleareſt 


account of aeriform fluids, are more agreeable to 


obſervat ion, leſs liable to objection than any other 


view of the ſubject, and are more conformable to 
the beſt rules of phyſical reaſoning. 
I. That there is no inſtance of any ſubſtance 


paſſing into a permanent aeriform /tate merely by 


the addition of fire.. 2. That air or gas differs 
from aqueous vapour, by the addition of ſome im- 


ponderable ſubſtance. 3. That water conſtitutes 
the ponderable part of all aeriform fluids: this 


F 4 | by pothelis 


440 Lrcrunes ox NaruxAx abr 


Hypotheſis 78 ſupported by a number of fats,” con- 
tradicted by none, and throws great li ht on mete- 
Hrology. 5 That it is the water 65 the airs or 
gaſſes which augments the weight of thofe ſub. 
ſtances to which they unite, and diminiſhes that of 
thoſe from which. they are difenga, . 5, That 
the fubſtances peeuliar to a certain pecies of aeri- 


Form, fluids. are the cauſe of acidity. 6. That 
205 Phlagiſion, ſubſtance as imponderabfe as fire, is 
a ſubſtance that diftinguiſhes every ſpecies of in- 


fammable airs at a certain degree of heat it unites 
with vital air, and this union is the immediate 
cauſe of inflammation. 7. That beſides phtogiſton 
there exiſts in light. inflammable air, another ſub- 
ſtance that diſtin uizhes it from the whole claſs of 
heavier inflamma le Airs; ; a fubſtance fo aſſociated 
with phlogiſton a as to pp event It's decompoſing vital 
air, but changes i it in eous vapour. 8. ' Aque- 
OUS vapour is a fluid conkiſting ſimply of water and 
fire; it is not permanentſy aeri form, becaufe it 
may be reduced to it's original form by zreffure or 
cold. 9. That aqueous vapour is ecafify decom- 
poſed, becauſe it's union with fixe is weak; if they 
were ſo ſtrongl united as not to C ſeparated, unleſs 
by ſome chemical affinity, the aquęgus Tre? 2 221 
be Fangen into an aeriform fluid. 


Or Viral Alx. : | 


This air was difevvered by Dr. Prieſtley, 
2 9 known to Dr. 1 in — laſt 


2 4 ©. 


konaing o. of a baſe called oxigene, combined with a 
front quantity of fire. 
The ſuppoſed baſe has- been called by the 
French « oxigent, becauſe they conſider it as the true 
ay i acidifying 
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acidifying principle, without which there would 
be no acid. hes a 5 | 
| Reſpiration produces the fame effect on air 
as combuſtion. hen an animal is included in a 
limited quantity of atmoſpherical air, it dies as 
ſoon as the air is vitiated. Vital air, in ſimilar 
circumftances, maintains the life of animals much 
longer than common air. Vegetables do not thrive 
ee, od up 
Noc paxt of the atmoſphere cxhibits this air in 
it's greateſt degree of purity ; you will always find 
it combined, mixed, or altered by other ſubſtances. 
As it is combined with various ſubſtances, by de- 
compoſition it may be cafily extracted and pro- 


* 


leat extricates it from a variety of ſubſtances, 
particularly from nitre, from allum, lapis calami- 
naris, and from the native calx of manganeſe, and 
from thoſe metallic calces which may be revivified 
without inflammable matter, as the calces of mer- 
cury precipitate 155 ſe, and the red precipitate, or 
mercury calcined by the nitrous acid; theſe furniſh 
it in great quantities, as yqu may readilyaſſure your- 
ſelves by the following experiment. I firſt put an 
ounce of red precipitate into this bottle, which is 
furniſhed with a ground ſtopple and bent tube, and 
then place it on a chafing diſh; as foon as the at- 
moſpheric air is all expelled by the heat, I tranſport 
the chafing diſh and pottle to my pneumatic tub, 
and put the bent tube under one of the receivers that 
are filled with water; in proportion as the mercury 
is revivified, you perceive that air paſſes through the 
tube, drives the water out of the receiver, and oc- 
cupies it's ſpace; it is, as you may obſerve, tranſpa- 
rent, colourleſs, ' and inviſible ; and you will alſo 
find that it is elaſtic and compreſſible; in a word, 
you will find it to be pure, reſpirable, or vital 

It 


alr. 
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It may be obtained from minium, which is a 
calx of lea , When it is moiſtened with the nitrous 
acid: in this caſe it is the nitrous acid which fur- 
niſhes greateſt part of the vital air. All acids are 
connected with vital air; there are ſome which part 


with, it eaſily. About 1200 cubic inches of vital 


air may be obtained from a pound of nitrous acid: 

nitre, with alkaline or earthy baſes, . 50 mer- 
cury, and arſenicated zinc, afford this fluid in vari- 
ous quantities, by the action of light or heat. This 
fluid does not exiſt entire in any — 4 8 theſe bodies; 

it is only as they contain n gehen more than it's 

ponderable baſe, which is diſengaged and rendered 
an elaſtic fluid by the heat; for the metals can only 
be calcined by combining with the ponderable part 
of the air, which becomes falid i in them, and adds 
to their weight. This is again expelled by heat, 
and combining with the fire, paſſes off in the form 
of an elaſtic fluid. During the operation, the 
metal loſing this ponderable part which had re- 
duced it to a calx, recovers it's phlogiſton and 
metallic brilliancy, but loſes the 17 7 it had 

ned by calcination. 

M.. Chaptal ſays, that a bottle of de phlogiſ- 
ticated muriatic acid expoſed to the ſun, 275 all 
| the ſuperabundant vital air to eſcape, and aſſes 
into the ſtate of the common muriatic acid. If the 
fame acid be expoſed. to the ſun, in a bottle wrap- 
ped in-black paper, it does not ſuffer any change ; 


and even when heated in a dark place, is reducible 


into gas, without being decompoſed. 

Ihe ſolar rays, 1 ks, 

ſiderable energy, will alſo diſengage vital air from 

the calces of mercury, ſilver, and gold. __ 
The marine falt of ſilver placed under water 

and expoſed 10 the ſun, gives. out it's vital air; red 

precipitate, in ſimilar caſes, affords vital air, and 


does not require a long time before it becomes 
: black. 


when. acting with any. con- 


Fr . * A 


Ad. "grey 
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black. Vou may alſo obtain vital air by means of 
the vitriolic acid. M. Chaptal uſed ſor this pury 
poſe the following ſimple proceſs. He put two 
ounces of manganeſe in a ſmall apothecary's phial, 

During thereon as much vitriolic acid as formed 1 it 
into a liquid paſte; he fitted one end of a leg curvy 
ed tube to the neck of the bottle, and let the 
other be inſerted under a receiver in the ꝓneu- 
matic tub, as in our former experiment, and then 


preſented a heated coal to the lower part of the 


bottle. The manganeſe he uſed was ſome he diſ- 
covered at St. Jean de Gardonnenque, which af- 
fords vital air with great facility, nothing more 
being neceſſary for their purpoſe than to incorpo- 
rate it with vitriolic acid. The firſt bubble is as 
pure as the laſt, Vital air diſcolours vegetable and 


animal ſubſtances ; : when abſarbe by fixed oils, it 


thickens them and reduces [FREE into a ſtate; re- 


ſembling wax. 
We have already told you, that this pure and 
vital air is diſengaged from ſome ſubſtances, mere- 


ly by the influence of ſolar light. You will ſogn 


ſee, that the influence of light on the operations of 
nature 1s exceedingly extenſive; and will be able, 
by a very eaſy ſet of experiments, to convince 
yourſelves of the nature of the proceſs. 

Vital air continually emanates from vegeta- 
bles expoſed to the light of the ſun: the leaves 


ſeem to elaborate this air by the means of light; the 


ſolar fluid is abſorbed, and becomes the cauſe of 
colour, flavour, &c. in the vegetable. In a word, 
it is fixed there as phlogiſton. The ſame operation 
enables the leaves of plants to emit the vital air. 
The emiſſion of vital air is proportioned to the 
vigour of the plant, and the vivacity of the light. 
Dr. Prieſtley has ſhewn that plants have a 
wer of correcting bad air, and Dr. — 


chat ey have the * of claborating the air 
| they 
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they contain, and pouring down continually into 
the atmoſphere ſhowers of vital air, to render it 
more fit for animal life ; and that this is entirely 
owing to the influence of the ſolar light on the 
plant. And I invite you to repeat his experiments 
when you are in the country in the ſummer ſeaſon, 
as they are eaſily made, and will afford you a very 
rational amuſement. - 

I The proceſs for extracting this air from ve- 
getables is exceeding ſimple: it conſiſts in immer- 
ling or incloſing them in water, in an inverted 
glaſs veſſel filled there with, and placed on the ſhelf 
of your pneumatic tub. The moment the plant 
is acted on by the ſun, you will obſerve ſmall bub- 
bles of air formed on it's leaves, which gradually 
grow larger, and detaching themſelves from the 
fibres of the leaf, ariſe to the upper Part of the 
veſſel, and diſplace the water. 

All plants do not emit this air with the ſame 
facility; there are ſome which emit it the mo- 
ment the ſun acts upon them, as the leaves of the 
jacobæa, of lavender, and ſome aromatic plants, 
Some aquatic plants ſeem alſo to excel in this ope- 
ration; others emit it more ſlowly, but none later 


than 8 or 10 minutes, provided the ſun's light be 


ſtrong, The air is almoſt totally furniſhed by the 
inferior ſurface of the leaves of trees; herbaceous 
plants afford it from almoſt the whole of their ſur- 
face. The leaves afford more air when attached 
to the plant, than when gathered; and the quantity 
is greater, the freſher and founder they are. Young 


leaves afford but a ſmall quantity of vital air, thoſe 


which are full grown afford more, and the more 


the greener they are ; for it is not produced by 


leaves which are injured or yellow. The paren- 
chyma of the leaf appears to be the part which 
emits the air. The epidermis, the bark, and the 


W ae petals, do not afford it; and! in general, vital 


alr 
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air is only furniſhed by the green parts of plants. 
Thus alſo green fruits and grain afford this air ; 
but it is not furniſhed by thoſe which are ripe; 
and flowers in general render the air noxious. 


M. Chaptal mentions having often collected 


this air, and that in abundance, from a kind of 
moſs, which covers the bottom of a veſſel filled 
with water, and ſo well defended that the ſun ne- 
ver ſhone directly upon it. 

Dr. Ingenhouſz obſerves, that the confer- 
va, as well as the green matter which is formed 
on water, affords much vital air. M. Senebier has 
ſhewn, that an acid diluted in water increaſes the 


quantity of air which is diſengaged, (when the 


water is not too much acidulated,) and in this caſe 
the acid is decompoſed. | 
Water plants, it has been obſerved to you, are 
remarkably vigorous in this property of yielding 
vital air, and thus correct the inflammable air bred 
by the ſoil in low marſhy grounds; ſo that theſe 
places produce one of the beſt remedies for their 
own natural evils: and thus do all things work 
together for good. ; 
The plant of the naſturtium Indicum, in the 
ſpace of two hours, gives out more pure air than 
equals the bulk of all it's leaves : whata quantity 


then muſt be diſcharged from lofty trees in a day's. 


time. Does not this point out an error in the 


modern practice of leaving dwelling-houſes ſo 


_ vegetation. | | | | 
The act of vegetation alone is not ſufficient to 
produce this ſalutary effect upon the air: it is ve- 
getation in the ſun-ſhine from whence this good 
is to be expected. 

Ihe ſun does not act merely from it's heat: 
the emiſſion of this gas is occaſioned by the light, 


and may therefore be obtained by a ſtrong light, 
1 85 | vithout 


naked to a conſiderable diſtance, and deſtitute of 


| 
| 
| 
| 
| 
| 
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without the direct action of the ſolar rays ; the 
excretion is ſtronger as the light is more vivid. It 
would ſeem as if light favoured the work of digeſ- 
tion in the plant, and that the vital air, which is 


one of the principles of alrnoft all the nutritive 
Juices, more eſpecially of water, is emitted, when 


it finds no ſubſtance to combine with in the Vege- 
table. Hence it ariſes, that plants, whoſe. vege- 


tation is the moſt vigorous, afford the greateſt 


quantity of air. | 

Dr. Ingenhouſz, ſince the publication of his 
Engliſh work on vegetables expoſed to the light of 
the ſun, has been more or leſs conſtantly employed 
on the ſame ſubject ; and on occaſion of ſome con- 
troverſies, has publiſhed, both in French and Ger- 
man, many experiments, all tending to the ſame 
concluſion. His chief controverſy was, with Mr. 
Senebier of Geneva, which, however, has termi- 
nated completely in his favour ; for his antagonift 
has candidly acknowledged that he was totally 
miſled by ſome inattention in conducting his pro- 


ceſſes. In the Acta Theodoro-Palatina is a very 


long ſeries of experiments by profeſſor Succow of 
Mannheim, which exactly coincide with thoſe of 
Dr. Ingenhouſz. . 
Ne concludes his account of them in the fol- 
towing manner. Thoſe effects of the ſolar light 
on plants, which Dr. Ingenhouſz firſt ſo e 
pointed out, are confirmed by the preceding expe- 
riments, in which trees and plants appeared moſt 
capable of yielding pure air in the light of the ſun; 


whereas in'the ſhade they afforded air more or leſs 


phlogiſticated. That the air which is extricated 
when vegetables are expoſed in water to the ſun- 
ſhine, proceeds from their leaves and: other parts, 
ſcarce needs any proof. Water indeed does con- 
tain a quantity of air which is diſengaged by the 
influence of light ; but the. quantity is ſo ſparing 

even 


F 
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even ina large quantity of water, that it can by 


no means be ſet in competition with that which 
vegetables yield in the courſe of a few hours. Did 
this air proceed from the water, it would in a very 
few caſes prove ſo pure, unleſs the water contained 
ſome of the green conferva ; but then it would be 
to this moſs that the origin of the air muſt be 
aſcribed. The difference in the air itſelf, which 
vegetables yield when other circumſtances are alike, 
puts it beyond all doubt, that the air proceeds not 
from the water, but the vegetables.” 

Dr. Ingenhouſz, in his laſt work, has related 
ſome variations of his experiments. He found 
that water impregnated with acids, alkalies, neu- 
tral ſalts, expreſſed juices of vegetables, as of 
raiſins, peaches, &c. very much promoted the 
production of pure air by vegetables, except in the 
caſe of the graſſes (of which the product is varia- 
ble from undiſcovered cauſes), of the conferva 
rivularis, and water-plants in general, which are 
killed by fixedair, and ſome others, when this acid. 
is employed. A few ſubſtances, ſuch as the j Juice 
of onions, - cucumbers, and turneps, prevented, 
inſtead of forwarding, the extrication of air. 

Among the ſubſtances which favour the ex- 
trication of pure air, we have every thing which 
can well be ſuppoſed to enter into the compoſition 
of manure, ſalts ſimple and compound, with the 
juices and extractive matter of plants. If we may 
aſſume, that the production of this falutary fluid is 
a natural function and an healthy proceſs, it fol- 
lows directly, that the »/e of manure is to ebnen | 
a greater exertion of that functionrn. 

That the production of vital air is among the 


chief functions of vegetables, is a ſuppoſition coun- 


tenanced by many experiments. Mr. Cavendiſh 
himſelf infers, that the vital air obtained by Dr. 


Ingenhouſz comes from the decompoſition of wa- 
. ter, 


* 
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ter. There is one experiment related by the laſt- 
mentioned author, highly remarkable, and not to 


be explained on any other ſuppoſition that has been 
hitherto thrown out. © I boiled (ſays he) ſome 
water for twohours, and then poured it boiling into 


a glaſs balloon of the capacity of 200 cubic inches. 


Ihe balloon was then carefully cloſed. Before the 


water was grown quite cold, I introduced into the 
balloon four cubic inches of granulated green mat- 
ter, which was taken out of the great reſervoir in 
the botanic garden (at Vienna), and repeatedly 
waſhed in boiling water; care being taken to 
ſqueeze out after each waſhing all the moiſture, in 
order that none except boiling water might remain 
adhering to it. I next cloſed the balloon with a 
perforated ſtopple, in order to allow the water an 
exit when it ſhould be preſſed by the air evolved 
from the green matter. The balloon was-inverted 


into a veſſel of quickſilver placed in the ſun. The 


air generated at firſt was abſorbed by the water 
itſelf : but being ſoon ſaturated; it refuſed to take 
up any more; and in the courſe of a few days I 
found a conſiderable quantity of air collected.” If 
then it be true that water is decompounded by .ve- 
getables, it follows that inflammable air or lo- 
giſton is abſorbed and fixed; an opinion counte- 


nanced by Prieſtley's experiments on charcoal, on 


ſliced roots of onions, &c. for neither he nor Sene- 
bier, nor Ingenhouſ⸗, nor I think any other, has 
ever found inflammable air in the elaſtic fluid af- 
forded by the leaves and other proper parts of ve- 
getables expoſed to the ſun. The inflammable mat- 
ter which ſurrounds certain vegetables is, I ſup- 


poſe, an eſſential oil in the ſtate of vapour; and 


if any plant ſhould yield inflammable air in the 
way I have mentioned, I doubt not but it would 


furniſh, in other reſpects as well as this, a ſingular 


exception to the reſt of the kingdom. | 
There 
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There is ſtill another corollary more preciſe 
and ſatisfactory to be drawn from theſe premiſes. 
The quantity of vital air that. is extricated, will 


afford a teſt bf. 0 quaniyyiof food taken in the 


plant. 
It may, moreover, be ſuppoſed, that the addi- 


tions, which Dr. Ingenhouſz made uſe of, are not 


thoſe which will, produce the greateſt effect, It is 
reaſonable to ſuppoſe, that Nature, in che immen- 
ſity of her ſtores, has ſtimulants far exceeding theſe 


in power; which further inquiry will both diſcover 
and teach how to apply. For if theſe principles 


be juſt, they will be eaſily applicable, when we 
are in poſſeſſion of a greater number of facts, both 
to gardening and agriculture: and I doubt not but 


that in time a rational ſyſtem of vegetable medi- 


cine may be conſtructed, if the ſubject be properly 


proſecuted. In the mean time, languiſhing trees 


may be waſhed or ſprinkled with water acidulated 
with vitriolic acid, which Ingenhouſz found to be 
moſt effectual in promoting the Production of 
pure air. 

It will not be difficult for any perſon, who may 
chooſe to reflect on the ſubject, to contrive other 
experiments, by which theſe principles a be 
confirmed or refuted. 

This vital air from plants is a beneficent 
gift from God, to repair inceſſantly the conſump- 
tion thereof in the economy of nature. The plant 
abſorbs atmoſpherical mephitis, and emits vital 
air. Man on the contrary is kept alive by vital 


air, and emits much mephitis. The animal and 


vegetable kingdoms therefore /abour for each other. 
By this admirable reciprocity of ſervices, the at- 
moſphere is continually repaired, and an equili- 
brium maintained between it's conſtituent prin- 
ciples, 22 
From theſe. diſcoveries, ſays Sir J. Pringle, 
Vol. * G g | we 
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we are aſſured, that no vegetable grows in vain; 
but that from the oak of the foreſt to the graſs of 
the field, every individual plant is ſerviceable to 
mankind ; if not always diſtinguiſhed by ſome 
private virtue, yet making a part of the whole, 
which cleanſes and purifies our atmoſphere. In 
this the fragrant roſe and deadly night-ſhade co- 
operate : nor is the herbage, nor the woods that 
flouriſh in the moſt remote and unpeopled regions, 
unprofitable to us, nor we to them, conſidering 
how conſtantly the winds convey to them our vi- 
tiated air for our relief, and their nouriſhment. 
And if ever theſe falutary gales riſe to ſtorms and 
| hurricanes, let us ſtill trace and revere the ways 
of a beneficent Being, who not fortuitouſly, but 
with deſign, not in wrath, but in mercy, thus 
ſhakes the waters of the carth together, to bury in 
the deep thoſe putrid and peſtilential effluvia, which 
the vegetables upon the face of the earth had 
been inſufficient to conſume. | 
The properties of vital air are more or leſs 
ſtriking, according to it's degree of purity. This 
depends in general upon the ſubſtances from which 
it is produced. That obtained from mercurial 
calces generally holds a ſmall quantity of mercury 
in ſolution. M. Chaptal mentions it having ſpee- 
dily ſalivated two perſons who uſed it for diſorders 
in the lungs ; and alſo that having filled bottles with 
the air, and then expoſed them to an intenſe cold, 
the ſides became obſcured with a ſtratum of mer- 
curial calx, in a ſtate of extreme diviſion : that 
having heated the bath, over which he caufed this 
air to paſs, he obtained at two different times 
yellow precipitate. The air obtained from plants 
is not equally pure N that afforded WF na me- 


tallic calces. 
Vital air is Rs hin atmoſpheric air. A 


| cubic foot of * air weighs 729 grains ; 
' a cubic 
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a a Cubic foot of vital air 565 grains. Mr. Kirwan 


makes it's weight to that of common air, as 1103 
to 1000. 

Several of the metals, when diſſolved in ſpirit 
of nitre, afford, by an efferveſcence, a kind of air 
called nitrous air, of which I ſhall ſpeak hereafter. 


If this air be mixed with any other elaſtic fluid 


which contains vital air, it unites with this laſt, 
and forms red fumes, which fall down, and are 
found to confiſt of nitrous acid; the air is dimi- 
niſhed in bulk by the loſs, and hence the nitrous 
air becomes a teſt of rhe goodneſs of reſpirable 
air. 

vital air is the only fluid proper for combuſ- 
tion: for when bodies burn in common air, it is 
only the vital air contained therein which aſſiſts 
combuſtion. When the vital air is pure and diſ- 
engaged from other fluids, there is great increaſe 
of heat and light during the combuſtion. Theſe 
two phenomena are occaſioned by the rapid ſepara- 


tion of the fire, which is diſengaged from the body 
and from the vital air. It appears from experi- 
ment, 1. That there is no combuſtion without vital 


air. 2. That in every combuſtion there is an ab- 
ſorption of vital air. 3. That there is an augmen- 
tation of weight in the products of combuſtion, 
ſaid to be Re to the weight of the vital air that 
is abſorbed. 4. In all combuſtion, heat and light 
are 1 

I plunge a lighted taper into one of theſe veſ- 
ſels filled with vital air; the flame you ſee becomes 
inſtantaneouſly more ardent, more lively, more 


luminous, Bier the combuſtion 1 is four times more 


rapid. 


n Here is a bit of wood, one end of which has 


been charred; I light it, and then plunge it into 
this bottle of vital air; the wood you ſee inflames 
immediately, and burns away with aſtoniſhing ra- 
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pidity. You remember Dr. Ingenhouſ's brilliant 
experiment, when we burnt the iron wire in vital 
air. 


Mr. Lavoiſier prepared an apparatus proper 
to aſcertain the quantity of vital air introduced into 


it; and alſo what was conſumed during the expe- 
riment; ſome phoſphorus was placed in this ap- 
paratus; when the whole was properly diſpoſed, 
he ſet fire to the phoſphorus with a burning glaſs, 
the combuſtion was extremely rapid, accompanied 
with a bright flame and much heat. As the ope- 
ration went on, large quantities of white flakes 
attached themſelves to the inner ſurface of the 
globe, ſo that at laſt it was rendered quite opake. 
The quantity of theſe flakes became ſo abundant, 
that although freſn vital air was continually ſup- 
plied, which ought to have ſupported the com- 
buſtion, yet the phoſphorus was ſoon extin- 
gulſhed, eli | 

The apparatus being completely cooled, he 


firſt aſcertained the quantity of vital air employed, 


and weighed the balloon accurately before it was 


opened. He then waſhed, dried, and weighed, the 


ſmall quantity of phoſphorus that remained in the 
cup; this reſiduum was of a yellow ochrey colour. 
By theſe ſeveral precautions he determined, 1ſt. The 


weight of the phoſphorus. 2. The weight of the. 


flakes produced by the combuſtion. 3. The weight 
of the vital air combined with the phoſphorus. 
The reſult ſhewed, 1ſt. That the phoſphorus, du- 
ring it's combuſtion, had abſorbed rather more 
than one and a half it's weight from vital air. 
2. That the weight of new ſubſtances produced, 
exactly equalled the ſum of the weights of the 
phoſphorus conſumed, and the vital air employed. 

You have been told, that phoſphorus 15 


changed by combuſtion into an extremely light, 


white, flakey matter; the properties are entirely 


altered by the transformation, From being inſo- 


luble 
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luble in water, it is now not only ſolvible therein, 
but ſo greedy of moiſture as to diſengage the hu- 
midity from the air with aſtoniſhing rapidity, by 
which it is converted into a liquid more denſe, and 
of greater ſpecific gravity than water. The phoſ- 
phorus before combuſtion had ſcarcely any ſen- 
ſible taſte ; by it's union with vital air, it acquires 
an extremely ſharp and /our taſte; in a word, from 
the claſs of combuſtible bodies, it is changed into 
an incombuſtible ſubſtance, and becomes one of 
thoſe bodies called acids. 5 | 
Many other combuſtible ſubſtances are alſo 
thus converted into acids by the addition of vital 
air. The French writers, therefore, term every 
combination of vital air with a combuſtible ſub- 
_ ſtance, oxygenation. Eos 
Sulphur is a combuſtible ſubſtance, or in 
other words, it is a body which poſſeſſes a pow- 
er of decompoſing vital air by ſeparating from 
it the fire with which it was combined This 
is eaſily proved by experiments ſimilar to the pre- 
ceding, though the reſults cannot be obrained 
with the ſame accuracy ; becauſe the acid formed 
by the combuſtion is not eaſily condenſed, becauſe 
ſulphur does not burn ſo eaſily as the phoſphorus, 
and is ſoluble by different gaſſes. Mr. Lavoiſier 
ſays, that notwithſtanding this, he can affirm 
from his own experiments, that ſulphur in 
burning abſorbs vital air (or more accurately the 
water therein); that the reſulting acid is con- 
ſiderably heavier than the ſulphur burnt ; that it's 
weight is equal to the ſum of the weights of the 
ſulphur, which has been burnt, and of the yital air. 
which has been abſorbed ; and laſtly, that this acid 
is weighty, incombuſtible, and miſcible. with wa- 
ter in all proportions. AS. 
Charcoal decompoſes alſo vital air, by abſorb- 
ing the baſe from the fire; the acid reſulting from 
this combuſtion, is not condenſible in the com- 
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mon temperature and preſſure of our atmoſphere, 
it remains in the ſtate of gas, and requires a large 


portion of water ta be combined with or be diſ- 
olved in. It has however the properties of. all 
other acids, though in a weaker degree. This 
acriform acid was called fixed or fxable air, by the 


chemiſt who firſt diſcovered ſome of it's proper- 
ties. 13 


Mr. Lavoiſier affirms, that it is eaſy to prove 
that all acids are formed by the combuſtion of certain 


 ſubNances ; that the ponderable part of vital air 


is an element common to themall; and that from 
many acids. vital air may be eaſily obtained. 


Vital air is ſeparated from it's fire by metals, 


when heated to a certain degree; in conſequence 
of which all metallic bodies, excepting gold, ſilver, 
and platina, have the Pagperty of decompoſing 
vital air, and attracting the baſe * from the fire with 
which it was combined. We have already ſhewn 


you, in what manner this decompoſition takes 
place, by means of mercury and iron : the firſt is a 


very gradual combuſtion ; the latter is very rapid, 
and attended with a very brilliant flame. The 
heat employed in theſe operations, is to ſeparate 
their particles, and looſen their coheſion. 

Ihe abſolute weight of metallic ſubſtances is 
augmented in proportion to the quantity of vital 
air they abſorb; they loſe at the ſame time their 
metallic brilliancy, and are reduced into an earthy 
pulverizable matter. 1 STE a 

The metals do not act ſo powerfully in vital air 
as to ſeparate it entirely from it's fire, which is ſup- 
poſed to be the reaſon that they are not converted 
into acids like ſulphur, phoſphorus, and charcoal, 
but into an intermediate ſubſtance, which, though 
approaching the nature of ſalts, has not acquired 
all the ſaline properties. The old chemiſts affix 

. | | the 
* The ponderable baſe 1s water, | 
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the name of.calx to. metals i in this ſtate; the French 


chemiſts PAs ſublticured, in it's room the word 


ar. 
| a Vital air is faid to form almoſt a hind part of 

the maſs of our atmoſphere, and is conſequently 
one of the moſt plentiful ſubſtances in nature. All 
animals and vegetables live and grow in this im- 
menſe magazine of vital air, and from it is pro- 
cured the greater part of what is employed in ex- 
periments. So great is the affinity of this element 
and other ſubſtances, that it cannot be Fred 
free from all combination. 

To oxygenate a ſubſtance, or make i it combine 
with vital air, it is neceflary that the parts of the 
ſubſtance ſhould have more affinity with vital air 
than to each other. This may, in ſome degree, 
be brought about by art; for by heating them, or 
by introducing fire into their interſtices, we im. 
niſh the coheſion of the particles. The degree of 
heat at which the oxygenation takes place, is 
different in different bodies. Many, bodies 
combine with vital air by being expoſed to the 
air of the atmoſphere, in a convenient degree of 
temperature. With reſpect to lead, mercury, and 
tin, this need be but 18 higher than the medium 
temperature of the earth; but iron and copper, 
when the operation 1s not aſſiſted by moiſture, re- 
quirea much greater degree of heat. 
| Oxygenation ſometimes takes place with great 


rapidity, and is accompanied with great ſenſible” 


heat, light, and flame; ſuchis the combuſtion of 
phoſp horus 1n atmoſpheric air, and of iron in 
vital air. That of ſulphur is leſs rapid, while that 
of lead, tin, and moſt of the metals, is affected very 
ſlowly; and conſequently the diſengagement of fire, 
and more eſpecially of light, is hardly ſenfible.. 
The afhnity of ſome ſubſtances with vital air, 
is ſo ſtrong, and TL combine with it at ſuch low 
G g 4 degrees 
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degrees of temperature, that we cannot procure 
them in their unoxygenated ſtate; ſuch is the mu- 


riatic acid. There are other means of combining 


ſimple ſubſtances with vital air; for a knowledge 
of which, I muſt, however, refer to the writings 
of- Lavoifier, Morveau, Ne... 

Vital air is peculiarly neceſſary for een 
animals live a much longer time in it, than they 
would! in the ſame quantity of atmoſpheric air. 

Count Morozzo placed ſucceſſively ſeveral full 
grown ſparrows under a glaſs receiver inverted over 
water. It was filled with atmoſpherical air, and 
afterwards with vital air. He found, | 

1ſt, That inatmoſpherical air Hours, Min. 
Ihe firſt ſparrow lived 3 © 
The fecond,” i — of 3 
The third, — 0 1 
© Thewaterroſe/in the veſſels eight lines du ring 
the life of the firſt, four during the life of the 
ſecond, and the third produced no abſorption. 


| 2. In vital air, Hours. Min. 
| The firſt ſparrow lived, 43 
The ſecond, — 2 10 
The third, — 10 
The fourth, — 108 
The fifth, — . 
The ſixth, „% Wiabng. =, 
'The ſeventh, — 0 ö 
The eighth, — =» 30 
The ninth, — . 
The tenth, . * 2 


From theſe experiments we may conclude, 
1. That an animal lives longer in vital than in atmo- 
ſpherical air. 2. That one animal can live in air, 
in which another has died. 3. That, independent 


of air, ſome reſpect muſt be had to the conſtitu- 


tion of the animal: the fixth lived 47 Wr 
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fifth only thirty. 4. That there is either an ab- 
ſorption of air, or the production of a new kind of 
air which is abſorbed by the water as it riſes. 

Vital air is therefore the fluid proper to ſup- 
port the life of animals. A great quantity of fire 
is neceſſary to ſupport life. Vital air combines 
readily with the mephitis in the blood and lungs ; 
and thus a part of it's fire is ſet at liberty, which 
goes to the ſupport of life, The other part com- 
bines with the mephitis, and forms what 1s called 

azotic gas, or phlogiſticated air. It is the affinity 
between the mephitic and vital air, which conſti- 
tutes the fitneſs of vital air for reſpiration; the 


baſes of no other elaſtic fluid poſſeſs the ſame 


property. Vital air anſwers two purpoſes, which 
are both equally neceſſary for our preſervation. 
It takes from the blood it's ſuperabundant me- 
phitis, which would be prejudicial, and gives out 
fire to ſupport the continual waſte thereof, to which 
our frame is liable. 

It has long been known, that animals cannot 
live without the aſſiſtance of air. Though the phe- 
nomena of reſpiration have been very imperfectly 
known until lately, the ancients are thoſe who had 
the more accurate ideas concerning it. They ad- 
mitted in the air a principle proper to nouriſh and 
ſupport life, which they denoted by the name of 
pabulum vite. 

They alſo knew that there was a ſtriking re- 
lation between the flame of a candle and the prin- 
ciple of life in an animal body. Phyſicians have 
alſo argued for what ſome of them have termed a 
biolychnus (candle of life) in the blood. Bartho- 
line ſays, that animal fire is kept up in the heart 


by a reciprocal ventilation from the lungs, as a 


common flame is excited by the air from a pair of 
| bellows; and that when this ventilation from the 
lungs ceaſes, liſe goes out as naturally as fire with- 

Out 
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out air. The ancients were alſo of an opinion, 
that part of the air drawn in by the lungs actually 
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paſſes into the arteries; and the arteries are ſup- 


poſed to take their name from the air or ſpirit 
which they contain, together with the arterial 


blood, 
5 The vapour e by expiration from the 


lungs is a mixture of phlogiſticated air, fixed air, 
and vital air. If the vapour iſſuing from the lungs 


be made to paſs through lime-water, it renders ic 
turbid ; if it be received through tincture of turn- 


ſole, it reddens it; and if an alkali be ſubſtituted 
to the turnſole, it becomes efferveſcent. 

When the foregoing proceſs has abſorbed all 
the fixed air, the remainder conſiſts of phlogiſti- 
cated air and vital air. The preſence of vi- 
tal air is manifeſted by means of nitrous air. 
The air, in which Mr. Chaptal had cauſed five 
ſparrows to periſh, afforded 1700 parts of vital air. 


The expired air being thus deprived of all it's vital 
and fixed air, the remainder was phlogiſticated 


air. Animals feeding upon herbs and grain, are ſaid 
to vitiate the air leſs than carnivorous animals. 

| A portion of air is abſorbed in reſpiration. 
Dr. Jurin ſays, that a man inſpires 40 cubic inches 
of air by his uſual exhalations ; that in the greateſt 


he could receive 220 inches; but that a portion 


was always abſorbed. Dr. Hales conſidered the 


air. 
nute, and inhales 40 cubic inches of air at each in- 
ſpiration, this makes 48,000 in an hour; which 
divided by 136, gives 353 inches of air abſorbed 
and deſtroyed in an hour. From more accurate 
experiments, M. de la Metherie concludes, that 
60 cubic inches of vital air are abſorbed in an 


b 


Our. 


. abſorption as taking up 136th part of the reſpired 


Now as a man reſpires 20 times in a mi- 


Theſe facts ſhew how eafily air, when it is 


not 


— 
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not renewed, is vitiated by reſpiration, and why 
the air of theatres and cloſe crouded places is ſo 
unwholeſome. 

A variety of facts prove that the vermilion 
colour aſſumed by the blood in the lungs. ariſes from 
the vital air which combines with it, and is the 
firſt effect of the contact, abſorption, and combi- 
nation of vital air with the blood. If blackiſh 
venous blood be expoſed in a pure atmoſphere, the 
ſurface becomes a vermilion colour; a fact daily 
obſerved when blood is expoſed in a porringer to 
the air. Air which has remained in contact with 
blood, extinguiſhes candles, and precipitates lime- 
water; air injected into a determinate portion of a 
vein, between two ligatures, renders the blood of 
a high colour. The blood which returns from the 
lungs, is of a higher colour. Hence ariſes the great 
intenſity of the colour of arterial blood e 
with venous blood. 

Mir. Thouvenel is faid to have ſhewn that by 

withdrawing the air which is in contact with the 
blood, it may again be made to loſe 1t's colour. 
Blood, expoſed in a vacuum, remained black, but 
it aſſumed a beautiful vermilion colour as ſoon as it 
was expoſed to air. Theſe, with various other facts, 
ſhew, that the vermilion colour of vioed ariſes 
from air. 
The ſecond effect of reſpiration is to eſtabliſh 
a focus of heat in the lungs; a circumſtance en- 
tirely oppoſed to the opinion of thoſe who con- 
ſidered the lungs merely as a kind of bellows, 
deſigned only to cool the human body. 

Ihe heat in each claſs of — animals 
is proportioned to the magnitude of their lungs. 
Animals with cold blood have only one auricle and 
ventricle. 

All perſons who have reſpired vital air, agree 
that it communicates a gentle vivifying heat to the 

: lungs, 
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hangs, which: inſenſibly extends from the breaft to 
all other parts of the body. 

The foregoing, and many other facts, unite 
in proving that a js vn of heat really exiſts in the 
lungs, which is maintained and kept up by the air 

of reſpiration. 

In fact, there is an abſorption of vital air in 
reſpiration. Reſpiration is an operation, by means 
of which vital air paſſes continually from an aerial 
to a concrete ſtate, and conſequently is continually 
quitting the fire by which it was 8 Com in a 
ſtate of gas. 

The heat produced at every inſpiration ſeems 


therefore to depend on the volume of the lungs, 


their activity, the purity of the air, the rapidity, 
&c. of the inſpirations. | 

More heat is conſequently pointed in win- 
ter, becauſe the air is more condenſed, and fur- 
niſhes more vital air under the ſame bulk, and 
conſequently more heat to the inhabitants of colder 
climates. Thus does a benevolent Providence con- 
tinually temperate and ballance the cold of theſe 
climates. 

M. Chaptal fays, that the lungs of ahmacic 
perſons are leſs capable of digeſting this air, and 
that they emit air without vitiating it; from which 
cauſe their complexion 1s cold, and their lungs 
continually languiſhing : hence they find vital alr 
peculiarly comfortable. 

From what has been ſaid you muſt have per- 
ceived, that the phenomena of reſpiration are ſimilar 
to thoſe of combuſtion. This has been eſtabliſhed 
by Dr. Crawford, who has clearly ſhewn, that 
animal heat is one of the principal advantages de- 
rived from reſpiration ; that when the blood returns 
from all parts of the body to the lungs, it has loſt a 
quantity of it's fire, and imbibed ſome noxious 


quality; that in the lungs it meets with atmoſphe- 


ric air; that it abſorbs hire from the vital air con- 
tained 
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tained therein, and imparts to the air, which re- 
mains, 1t's impurity ; that the blood having thus 
robbed the air contained in the lungs of a portion of 
it's fire, and rendered that which remained ſenſibly 
warm, the air is expelled, and freſh air taken in to 
undergo the ſame proceſs. 

The quantity of air changed by a man, in a 
minute, is found to be equal to that which is altered 
by a candle in the ſame ſpace of time; and hence 
a man is continually deriving as much heat from 
the air as is produced by the burning of a candle. 

Vital air has been uſed with ſucceſs in diſor- 
ders of the human frame. Meſſrs. Caillens and 
Chaptal ſpeak of it's having been reſpired in phthi- 
ſical diſorders with great ſucceſs. He is far, how- 
ever, from conſidering it as a ſpecific, and is 
doubtſul as to it's application; yet as it inſpires 
cheerfulneſs, and renders the patient happy, he 
conceives it to be an admirable remedy in deſperate 
caſes, as it will ſpread flowers as it were on the 
borders of the grave, and prepare us in the gentleſt 
manner for the laſt dreadtul cttort of natural life. 


0. 
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g 55 '$ 5 ; | ; 
Or PnrocdisrIcAT ED Arr, Azorfe Gas, ot 
f ATMOSPHERICAL MepnirTis. | 


This air is ſuppoſed to be from the mephitic 
-part of the atmoſphere, or that part which 1s not 
fit for reſpiration. Dr. Prieſtley ſuppoſed it to be 
air altered by the phlogiſton diſengaged from bo. 
dies in combuſtion, or other phlogiſtic proceſſes. 
It is, however, now thought to exiſt ready formed 
in the atmoſphere, and to be the reſiduum thereof 
when this is deprived of it's vital air. Mr. Lavoi- 
fier calls it azotic gas, from it's known property of 
killing ſuch animals as are forced to breathe in it. 
The word is derived from the Greek privitive 
particle &, and Gy, life. | | 

This element is always in a ſtate of gas in the 
ordinary preſſure and temperature of the atmo- 
| Tphere, and no degree of cold or compreſſion has 
hitherto been capable of reducing it either to a 
ſolid or liquid form. | : | 

It is the reſidue of combuſtion, of the reſpira- 
tion of animals, and of putrifaction, becauſe in all 
theſe caſes vital air is abſorbed. In reſpiration, a 
portion of the fire from vital air goes to the ſupport 
of life, while the remainder combining with a part 
of the blood becomes fixed air, which is expired 


together with the phlogiſticated air. 


This gas may be procured pure by ſeveral 
methods; that of Scheele is the one moſt generally 
uſed: it conſiſts in expoſing liver of ſulphur in a 
liquid ſtate to a given quantity of atmoſpheric air 
under a glaſs receiver ; the ſulphur abſorbs by de- 


grees the vital air, and when the abſorption is 


complete the phlogiſticated air remains pure. 
M. Berthollet obtained it from muſcular fleſh, or 
from the fibrous part of the globules of blood, by 
well waſhing it with nitrous acid in the pneumatic 

| apparatus; 


* 
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apparatus ; for the baſe of this gas enters into the 
compoſition of fleſh, and ſerves to animalize it. 
The animal ſubſtances made uſe of muſt be freſh, 
for if they are altered by putrifaction, they furniſh 
fixed air mixed with the phlogiſticated gas. When 
by any other means, as the calcination of metals, 
the rancidity of oils, combuſtion, the vital air of 
the atmoſphere is abſorbed, the reſidue is this gas. 
M. Fourcroy has diſcovered, that the bladders of 
carp are full of it, and that it may be eaſily col- 
lected by breaking them underneath 1 filled 
with water. 

It is lighter than atmoſpheric air. When the 
barometer ſtands at 30.46, andthe thermometer at 

60, the weight of the phlogiſticated air is to that 

of common air as 985 to 1000. You may cafily 
fatisfy yourſelves that it is lighter than commonair: 
for this purpoſe put three or four hghted tapers, 
of different heights, under this receiver full of 
common air, in which the air cannot be renewed, 
and you will obſerve that in proportion as the 
vital air is decompoſed, they go out, the higheſt 
firſt; a ſufficient proof that this gas forms the 
lighteſt part of the air. | 

Phlogiſticated air, when it 1s pure, has neither 
taſte nor ſmell. 0 

It is not ſolvible in water, or only in a very 
ſmall degree. 
Ilz have divided a long glaſs tube into equal 

meaſures, which is diſtinguiſhed by marks made 

with a diamond. I ſhall now put two meaſures of 
phlogiſticated gas into this tube, and then agitate 


it ſtrongly in water; and you ſee that after the 


agitation the volume of air is not ſeniibly dimi- 
nifhed. 
Izhis gas 0 not exhibit any ſign of «citlity ; 
it does not redden the blue colour, of vegetables. 


Here is a tube full of TOE phlogiſticated air; I 
intro- 
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introduce therein a ſmall quantity of the tincture 
of turnſole, diluted in water, and you find that 
the colour remains the ſame, and is not changed 


by the gas. 


Phlogiſticated air does not precipitate lime 


from lime-water. I put a ſmall quantity of lime- 


water into a tube filled with the gas, and you ſec 
that it remains clear and limpid, and that no pre- 
cipitation takes place. | 

It is improper for reſpiration and dation: 
an animal i is ſoon ſuffocated therein, and a candle 


or taper immediately extinguiſhed. 


Plants live and vegetate in this air, and ter 
it reſpireable; the vegetables decompoſing the 
water, ſeparate the vital air from it, which mix- 


ing with this gas, forms atmoſpheric air; in fact, 
72 parts of this gas mixed with 28 of vital air, forms 


air ſimilar to that of the atmoſphere. 
This gas mixes with other airs without com- 
bining with them; it is abſorbed by nitrous acid, 


which renders it fuming. Mr. Cavendiſh has 


ſhewn, that 3 parts of azotic gas mixed with 7 of 
vital air, and then expoſed to the paſſage of the 
elaſtic ſpark, is gradually condenſed, and produces 
the r#trous acid. 

Almoſt every air or gas is colmeaible into 
phlogiſticated air. Vital air abſorbed by charcoal 
which has been made red-hot, and expelled from 
thence by plunging the charcoal in water, is chan- 
ged into phlogiſticated air. A mixture of one 
meaſure of vital air and two meaſures of inflam- 
mable air, kept ſtanding for ſome time together, 
was found to contain a quantity of phlogiſticated 


air. Mitrous is changed into phlogiſticated air by 
ſeveral methods, among others, by expoſure to the +» 


electric ſpark, by abſorption by charcoal, and ex- 
pulſion from thence. 


M. Derenollert has diſcovered, that it is a com- | 


bination 


on he 2 
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dination of this air with inflammable air that forms 
the ammoniac obtained from animal ſubſtances, 
by the action of fire, and by putri faction; and that 
plants, which give the ſame ſalt by diſtillation, fur- 
niſh it in conſequence of their containing this gas, 
and therefore well deſerve the name of animal 
plants, which has been given to them by ſome che- 
_ miſts. M. Fourcroy has found, 1. That of animal 
matters, the fibrous parts afford moſt of this gas 
by nitrous acid: when the nitrous acid acts upon 
the fleſh, or other parts of animal ſubſtances, the 
_ elaſtic Auid, which is firſt and moſt plentifully. 
diſengaged, is phlogiſticated air. 2. That after 
putrifaction they contain no more phlogiſticated 
air, but are rendered capable of affording. a con- 
ſiderable quantity of ammoniac. =_ 


Or ArMosPHRIC AIR, AND IT'S Drv1s10n INTO 
TWO 'ELasTIC FLuIDS; ONE FIT FOR RESPI- 
RATION, THE OTHER INCAPABLE OF BEING 


RESPIRED. =» | % 


"From the preceding Lectures it appears, thar 
our atmoſphere is compoſed of a mixture of every 
ſubſtance capable of retaining the gaſeous or aeri- 
form ſtate in the common temperature, and under 
the uſual preſſure ; that theſe fluids conſtitute a 
maſs in ſome meaſure homogeneous, extending from 
the ſurface of the earth to the greateſt height 
hitherto attained, and whoſe denfity continually 
increaſes in the inverſe ratioof the ſuperincumbent 
weight: but it is poſſible that this firſt ſtratum 
may be ſurmounted by ſeveral others conſiſting of 
| GENE fluids. 

Modern chemiſts have endeavoured to deter- 
mine by experiments the elaſtic fluids which coin- 
poſe the lower ſtratum we inhabit. There are two 
methods of determining the conſtituent parts of 
Vor. I. Hh bodies, 
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bodies, the method of analyſis, and that of /ynthe/7s, 
When, for inſtance, by combining water with 


alcohol you form what 1s called brandy, or ſpirit 
of wine, you have certainly aright to conclude, that 


brandy or ſpirit of wine is compoſed of alcohol 
combined with water. The fame reſult may be 
produced by the analytical method. 
Mr. Lavoiſier has treated atmoſpherical air in 
this manner, and endeavoured to aſcertain it's 
nature by decompoſing it, and forming it anew; 
I ſhall therefore here recount ſome of his inte- 
reſting experiments. He took a retort contain. 
ing about 36 inches; the neck was ſo bent as to 
allow it's being placed on a furnace while the neck 
was inſerted under the glaſs receiver which was 
placed in a trough of quickſilver. Four ounces of 
mercury were put into the retort, and the air was 
extracted from the receiver by means of a ſyphon, 


ſo as to raiſe the mercury therein to a certain 


height, which height was carefully marked by a 
flip of paper. The height of the barometer and 
thermometer being noted, a fire was lighted in the 
furnace, and kept up continually for 12 days, ſo as 
to keep the quickſilver always almoſt at the boil- 


ing point. 


Nothing remarkable appeared during the firſt 


day: the mercury, though not boiling, was conti- 
nually evaporating, and covered the interior ſurface 


of the veſſel with ſmall drops, at firſt very minute, 


which gradually augmenting to a ſufficient. ſize, 
fell back into the maſs at the bottom of the veſſel. 
On the ſecond day, ſmall red particles began 


to appear on the ſurface of the mercury, which 


during the four or five following days gradually in- 
creaſed in ſize and number, after which they ceaſed 


to increaſe in every reſpect. At the end of 12 days, 


as the calcination of the mercury did not increaſe, 
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the fire was extinguiſhed, and the veſſels ſuffered 
to cool. 

The volume of air, in the body _ neck af 
the retort, and in the receiver, reduced to a me- 
dium of 78 inches of the barometer, and 549 of 
the thermometer, at the commencement of the 
experiment, was 50 cubical inches; but at the 
end of the experiment, the remaining air reduced 
to the ſame medium of prefſure and temperature, 
was only between 42 and 43 cubic inches; conſe- 
quently it had loſt about five-#x/hs of it's volume. 
The red particles were afterwards collected, and 
found to amount to 45 grains. 

The air which remained after the calrinatimd 
of the mercury in this experiment, and which was 
reduced to five-ſixths of it's former bulk, was no 
longer fit either for reſpiration or combuſtion; ani- 
mals introduced into it were ſuffocated in a few ſe- 
conds ; and when a taper was plunged therein, it was 
extinguiſhed, as if it had been immerged in water. 

Mr. Lavoiſier then took the 45 grains of red 
matter formed during the experiment, and put 
them into a glaſs retort, with a proper apparatus 
for receiving ſuch liquid or aerial fluid as might 
be extracted. Having applied fire to the retort in 
a furnace, he obſerved that in proportion as the 
red matter wag heated, the intenſity of it's colour 
augmented. , When the retort was almoſt red- hot, 
the red matter began gradually to decreaſe in bulk, 
and in a few minutes after it diſappeared altogether ; 
at the ſame time forty-one and half grains of run- 
ning mercury were collected, and ſeven or eight 
cubical inches of an elaſtic fluid, much more ca- 
pable of ſupporting both combuſtion and reſpira- 
tion than atmoſpheric air. A taper burned in it 
with a dazzling ſplendor; charcoal, inſtead of con- 
ſuming quietly, as it does in common air, burnt 
with a flame attended with a decrepitating noiſc; 
| H h 2 | and 
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and threw out ſuch a brilliant light, that the eye: 
could hardly indure it. os 
If you reflect upon this experiment, you readily 
perceive, that the mercury, during it's calcination, 
abſorbs the pure and reſpirable part of the air; 
that the remaining part is a ſpecies of mephitis, 
incapable of ſupporting combuſtion or reſpiration ; 
and conſequently that atmoſpheric air is compoſed 
of two elaſtic fluids, of different and oppoſite quali- 
ties. As a proof of this, if theſe two elaſtic fluids 
are re-combined, that is, the 42 cubical inches of 
mephitis, or phlogiſticated air, with the 8 cubical 
inches of vital air, you reproduce an air apparently 
ſimilar to that of the atmoſphere, and poſſeſſing 
nearly the ſame power of ſupporting combuſtion 
and reſpiration. | 
As during the calcination of mercury air is 
decompoſed, and the baſe of the reſpirable part 
fixed and combined with the mercury, it follows 
from what has been already eſtabliſhed in our Lec- 
tures, that fire and light muſt be diſengaged dur- 
ing the proceſs ; but it is not ſenſible in this expe- 
riment for the following reaſons : As the calcina- 
tion laſts ſeveral days, the fire and light that is diſ- 
engaged in ſo conſiderable a ſpace of time, becomes 
extremely ſmall for each particular moment of that 
time, ſo as not to be perceptible, and further is 
alſo confounded with that proceeding from the 
furnace, | 8 1 | 
Ir is, however, eaſy to render this diſengage- 
ment of fire and light evident to the ſenfes, by 
cauſing the decompoſition of the air to take place 
in a more rapid manner. For this purpoſe iron is 
well adapted, and we ſhall therefore relate to - 
you Dr. Ingenhouſz's curious experiment, which 
we exhibited to you in one of our' laſt Lec- 
tures. You remember that the. inſtant the tinder 
came in contact with the vital air, the iron _— 
| i 8 
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took fire, and burnt rapidly, throwing out brilliant 
ſparks. When every thing has been properly ar- 
ranged and conducted, according to Mr. Lavoifier's 
method, the whole wire is conſumed: even to the 
laſt particle ; ; the globules of iron will be found in 
that ſtate called martial ethiops. If the experi- 
ment be well made from 100 grains of iron, you 
will obtain 135 or 136 grains of ethiops, which is an 
_ augmentation of 35 per cent. Theſe experiments 
willi de ſufficient to give you om idea of the nature 
of atmoſpheric air; you will find many more to 
the ſame purpoſe in. the later chemical writers; 
ſhewing clearly, that the mixture of about 72 parts 
of phlogiſticated air, and 28 of vital air, form a fluid 
ſimilar to the maſs in which we live. Theſe two 
principles are ſo well mixed therein, each of them 
ſo neceſſary to the ſupport of the various functions 
of individuals which live and vegetate upon the 
globe, that they have not yet been found ſeparate 
and alone. The proportion of theſe gaſes is ſubject 
to variations, which depend on local Cauſes that 
cannot poſſibly be aſcertained. _ 

The characteriſtic: properties of vital air are 
modified by thoſe of phlogiſticated air; and theſe 
modifications ſeem to be neceſſary, for if we were 
to reſpire vital air in it's purity, it would quickly 
conſume our life. Though it may be uſeful as a 
medicine, the candle of life would burn out too 
faſt; and the animal powers be too ſoon exhauſted 
in the pure air. 


Mr. Lavoiſier, from the faregoing experi- 


ments, conſiders atmoſpherical air as a mere 
mixture of vital and phlogiſticated airs. For this 


he has no other reaſon than that by applying ſub- 


ſtances to it which have an affinity to vital air, the 
portion of this fluid that is in the atmoſpherical 
air is abſorbed, while the reſiduum is only phlogiſ- 


ticated air. 
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405111 But; this, fact may only ſhew, that atmo- 
e air can be'd-r0#1pounded, and that it may 
be conſidered as a chemical compound, conſiſting 
.of a given proportion of vital and phlogiſticated 

Alfs. There are indeed many reaſons to induce us 
to prefer this! conſideration, that atmoſpherical air 
ij an homogeneous fluid, or in other words, an uni- 
ſorm chemical compound, to that of it's bring. a 
mere mixture of two diſtinct fluids.“ 

Thus we find vital air and phlogiſton are ca- 
| pable of combining. in a variety of proportions, 
and conſequently of aſſuming different ſorms : there 
is therefore no improbability in ſuppoſing atmo- 
ſpherical air, as it conſiſts of the Boos Sa. to 
be alſo an uniform compound. 

Further, .atmoſpherical | air 3 by eu- 
Giometrical experiments to be very uniform in 
the proportion of it's conſtituent Parts of pure 
and phlogiſticated airs. If it were a mere mix- 
ture, one ſhould, expect to ſind à great diverſity 
therein; but be ing a compound of a given propor- 
tion in it's conſtituent parts, which proportion 18 
undoubtedly the. beſt poſſible for it's purpoſes of 
maintaining animal and vegetable ſubſtances, and 
other important uſes to which it is deſtined ; it is 
kept very nearly of one uniform empaſiteon, or 
degree of purity, as it is called... 

If the atmoſpherical ſiuid conſiſted of a mere 
mixture of theſe, two airs floating together in the 
ſame ſpace as they are of different ſpecific gra- 
ities, they would ſeparate; the pure air remaining 
near the ſurface of the earth, and the Phlogiſti- 
cated air aſcending. But from the comparative ob- 
Jervations which have been made of the purity, of 
the air in yalleys and at the tops of lofty; mountains, 
there is reaſon 50 n That. No Jych' RY 
takes place. „ 4 

Or 


% Keir's Chemical DiQionaty, part 1, P. 125. 
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Or NirROUS AIR. 


Nitrous air was firſt diſcovered by Dr. Hales, 
who produced it from the Walton pyrites, by 
means of the ſpirit of nitre : he alſo obſerved, that 
when joined to common air, an efferveſcence en- 
ſued,. with a turbid red colour of the mixture, and 
an abſorption of part of the common air. Dr. 
Prieſtley extending the experiment to other me- 
tallic ſubſtances obſerved, that the ſame kind of 
air was by the ſame acid readily procured from 
iron, copper, braſs, tin, filver, quickſilver, -biſ- 
muth, and nickil; and that though it conſtantly, 
when joined to common air, exhibited thoſe ap- 
pearances mentioned by Dr. Hales, and more 
conſpicuouſly in „ to the purity of the 
common air mixed with it (that is, it's fitneſs for 
reſpiration); yet it made no change with either 
fixed or inflammable air, or that air tainted by the 
breath of animals, or the corruption of their bo- 
dies. By means of this teſt he was enabled to 
judge of the kind, as well as of the degree of in- 
jury done to common air by candles burning in 
it; and to perceive a real difference in the air of 
his ſtudy, after a few perſons had been with him 
there. Nay, a phial of air having been ſent him 
from the neighbourhood of a large town, it ap- 
peared upon a comparative trial to be inferior in 

uality to that taken up near Leeds. It was upon 
fach a proſpect of obtaining a criterion for diſtin. 
guiſhing good air from bad, that Lord Bacon almoſt 
in a rapture breaks out: There are noble expe- 
riments that can make this diſcovery, for they 
ſerve for a natural divination of ſeaſons.” —« They 
teach men to chooſe their dwellings for their better 
health,” Later experiments have ſhewn, that this 
teſt is not ſo advantageous as was at firſt ſup- 


poſed, WE 
H h 4 Nitrous 
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Nitrous air is one of the conſtituent parts of 
the nitrous acid, or it is rather the ſame deprived 
ma Be degree of it's acid. It is compoſed, 

therefore, of the ſame parts as the nitrous acid, 
that is, of mephitis, or phlogiſticated air, holding 
'a ſmall quantity of vital air, and combined with 
fire. In this ſtate it is not ſoluble in water; but if 
it be furniſhed with vital air, it becomes acid, and 
8. ſoluble in water.. 
” You may caſily be convinced, both analytical- 
15 and ſynthetically, that the baſe of phlogiſticated 
air is the nitrous acid, holding vital air, but not 
ſaturated with it, for in that caſe it would become 
the nitrous acid. 
I. By analyſis, you may decompoſe the nitrous 
acid, and reduce it to the ſtate of nitrous air, by 
making it act on any metal, as cop Pet, which takes 
away th e greater part of it's vital air. Expoſing 
this air | - erwards to liver of ſulphur, it is de- 
prived of the remainder of the vital air, and 
nothing remains but phlogiſticated air. 2. By 
ſyntheſis, Mr. Cavendiſh introduced into a tube 
of glaſs 7 parts of vital air, obtained without the 
uſe of nitrous acid, and 3 parts of phlogiſticated 
air, or eſtimating them by weight, 10 parts of 
phlogiſticated to 26 of vital air: and having 
cauſed the electric ſpark to paſs through this air, 
perceived that it's bulk was conſiderably dimi- 
niſhed, and ſucceeded in converting them into the 
nitrous acid. 

From this experiment it may be preſumed, 
that the nitrous acid is a combination of 7 parts 
of vital, and 3 of phlogiſticated air; that theſe 
proportions conſtitute the common nitrous acid. 
When it is deprived of a portion of it's vital 
air, it paſles to the ſtate of nitrous air ; ſo that, as 
we ſaid before, nitrous air is a combination of 
Phlogiſticated air, with a ſmall quantity of vital 

air. 


NATURE AND PROPERTIES OF ELASTIC FLUIDS, 473 


air. | Nitrous acid may alſo be produced by expo- 
ſing vital air, for a long time, to the exhalations of 
putrifying animal ſubſtances, together with a cal- 
careous earth, or any other proper baſe to receive 
and combine therewitn. | 

The nitrous acid may alſo be inſtantly pro- 
duced by mixing nitrous with vital air. 
| The exiſtence of nitrous acid in the atmo- 
| ſphere has long been a very popular opinion; it 
however reſted upon no deciſive fact, till Mr. 
Cavendiſh, by an important experiment, ſeems to 
have placed it among eſtabliſhed truths. . He has 
ſhewn, that by paſſing the electric ſpark through 
common air included in a glaſs tube, the air was 
diminiſhed in W and nitrous en was pro- 
duced. 
Common air being ſuppoſed to be a mixture 
of vital and phlogiſticated airs, he repeated the 
experiment on a mixture of theſe fluids as above 
related, and found that when mixed in due pro- 


portion, they were wholly convertible into the 


nitrous acid, or nitrous acid and water. 

Now as the nitrous acid may be obtained 
either from a mixture of common and nitrous air, 
or of common and phlogiſticated air, it ſeems evi- 
dent, that nitrous and phlogiſticated airs muſt 
contain the ſame elements, but that one of them is 
modified by vital air. 

Nitrous air may be diſengaged from the acid, 
by making this act on combuſtible matters, which 
combine more or leſs with it's vital air, whilſt the 
phlogiſton thereof holds a ſmall quantity of vital 
air, which together with fire forms nitrous air; 
conſequently it may be extracted from the nitrous 
acid, by means of iron, copper, braſs, tin, ſilver, 
mercury, biſmuth, and nickel ; and even from aqua 
regia, by gold and antimony. The acid muſt be 

5 Hr CIR cautiouſly 
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cautiouſly applied to ads on ee __ ſtrong 
| emiſſion of the fumes. = 105 N 

It may be ne dunn 5 ere acid by 
ſpirit of wine, ether, oils, refinous ſubſtances, 
gums, ſugar, & c. The properties thereof are che 
lame, from whatſoever ſubſtance it be extracted. 

It is obtained in largeſt quantities from metals. 
There are ſome, however, from which nothing can 
be obtained but Phlogiſticated air, becauſe they 
Aer the acid of all it's vital air. 

I put ſome thin pieces of copper into this 
bottle; which I #1/ with nitrous acid that I have 
previouſly diluted with water; I then put in a 
ground ſtopple and bent tube into the neck of the 
bottle, and introduce the tube under one of the 
jars (that are filled with water) of my pneumatic | 
apparatus: a fermentation you ſee takes place in 
the bottle, the metal is diſſolved, and the nitrous 
air riſes through the water, and ſertles at the oper 
part of the inverted jar. 
| Nitrous 1s: very little, if any thing, deter 
than atmoſpheric air. Pure nitrous air is not at 
all miſcible with water, as you may eaſily expe- 
rience by agitating them together in a glaſs tube 
under water. It is not acid; does not change 
the blue colour of vegetables, ſuch as the tinc- 
ture of turnſole; as vou will ſee by my paſſing a 
little of the dure 5 in this HE with nitrous air, 
the colour is not changed. | 

It does not maintain combuſtion: I plunge 
this lighted taper into it, you ſee how ſoon it is 
extinguiſhed; before the flame went out it became 
af a green colour. It is unfit for reſpiration, and 
ſpeedily kills both animals and plants. It poſſeſſes 
the remarkable property of uniting with vital air, 
with which it forms nitrous acid; when mixed 
therewith, it forms a red cloud, which i 1s imbibed 
by the ery and renders it acid, | 


Here 
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Here is a long glaſs tubg, divided into equal 


meaſures; I ſhall firſt put two meaſures of atmo- 
ſpheric air therein, and one of nitrous air; you 
obſerve. that it fumes immediately, and becomes 
hot; and as the combination which now takes 
place forms nitrous acid, which is very ſolvible in 
water, you will ſee the water riſe in proportion as 
it abſorbs the acid; ſo that of three meaſures 
which were in the tube at firſt, only one and a half 
will remain; if the air was good, the reſiduum 18 
azotic air. The heat produced in this experiment 
ariſes from the fire which is ſet at liberty. If in- 


ſtead of atmoſpheric air you put into the tube two - 


meaſures of vital air, and two of nitrous, the whole 
will be nearly abſorbed by the water. Dr. Prieſt- 
ley found by various' experiments, that when ni- 
trous air is mixed with any other elaſtic fluid, they 
undergo no change, if the latter be unſit to ſupport 


combuſtion or animal life; but if the contrary, the 


red cloud is formed, and the whole bulk of the 


mixture is diminiſhed, e >, as the air is 


more or leſs pure. 

This property of nitrous air to abſorb the reſpi- 
rative part of air, and form the nitrous acid, ena- 
bles us to uſe it as a 7% to diſcover the falubrity or 
portion of vital air in the compoſition of the atmo- 
ſphere : upon this principle Eudiometers are con- 
ſtructed. This inſtrument, however, is as yet 
imperfect ; it will indeed ſhew to a certain degree 
of accuracy the proportion of vital air, and the 
falubrity of the atmoſphere, as far as it may depend 
on a certain portion of this air; but gives no in- 
formation relative to the other noxious airs, &c. 
which, when mixed in the atmoſphere, alter and 
| render it unwholeſome. Beſides which, it is very 
difficult to obtain nitrous air of the ſame degree of 
purity; and there are alterations in the appearances 
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or effect that may ariſe from a difference of tem- 
e 3 8 75 
Nitrous air may be decompoſed by expoſing 
it to liver of ſulphur; the vital air unites with the 
ſulphur, and forms vitriolic acid, and leaves the 
2zotic air behind in a tate of purity. It may alſo 
be decompoled by pyrophorus, which burns there- 
11 and abſorbs the vital air. 

Mr. Van Marum has ſhewn, that this gas may 
N be decompoſed by the electric ſpark, that 3 ciible 
inches thereof were thereby reduced to one inch and 
3 quarters, and that the reſidue no longer pofſeſſes 
any properties of nitrous air. The vitriolic acid 
abſorbs nitrous air, and aſſumes a purple colour; 
marine acid imbibes it, and becomes blue: it is 
alſo abſorbed by ether, alkaline pi rr _ ſpi- 
rit of wine. 
| If nitrous acks be expoſed to nitrous air, the 
latter is abſorbed in large quantities, and the co- 
Tour of the acid changes, firſt at the ſurface, and 
gradually through the whole liquid; the ſucceſſion 
of colours are firſt yellow, then deep orange, next 
green, and laſtly blue: by this abſorption the 8 
18 rendered much more volatile. TR 
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Or Fixx D Air. 


Ibis acid is generally found in an aeriform 
ſtate: of the various elaſtic fluids it is that which 
has been longeſt known; from it's apparent acid 


qualities it has been named derial acid, and carbo- 


nic acid; from it's noxious qualities it is often 


termed mephitic air. Van Helmont called it gas 


Hlveſtris, becauſe it was produced in vaſt quanti- 


ties during the combuſtion of charcoal. The term 
fixed air was given thereto, becauſe it fo rapidly 


loſt it's elaſticity, and fixed itſelf in many ſub- 
ſtances, particularly thoſe of the calcareous kind: 
it's nature is, however, far from being aſcertained. 
Many chemiſts conſider it as ſimple, or at leaſt as 
having never yet been decompoſed. It is about 


twice as heavy as common air; hence it occupies 
the lower parts of thoſe cellars, mines, CAVES, &c. 


that contain materials proper for it's formation. 


The French chemiſts conſider fixed air as a 


combination of carbonne, (matter or principle of 
charcoal, ) and vital air. They think this to be 
evident for the following reaſons: Firſt, that the 
calces of mercury are reducible without addition 
when diſtilled, and afford only vital air; but if a 


ſmall quantity of charcoal be mixed with the calx, 


the product which comes over is only fixed air, 
and the weight of the charcoal is diminiſhed. 
Secondly, that if well made charcoal be ignited, 
and plunged into a veſſel of vital air, and the 


veſſel be inſtantly cloſed, the charcoal burns ra- 


pidly, and at laſt goes out; the product is fixed 
air, and a ſmall quantity of vital air, which may 
be changed into fixed air by the ſame operation. 
The French e, conſidering nothing to be 

Preſent 


\ 
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preſent but charcoal and vital air, conclude that 
fixed air is a combination of theſe two principles 
held together by fire! 

This gas, or air, is often to be found occu- 
pying the lower parts of mines, caverns, tombs, 
neceſſaries, and ſuch other ſubterraneous places as 
contain materials for producing it. It is called 

choke-damp by the miners. The grotto del cano, 
near Naples, has long been famous for a mephitic 
vapour, which floats within a foot of the ſurface. 
It is a cave in the fide of a mountain, near the lake 
Agnano, into which 1f you thruſt a dog, or any 
other animal that holds down it's head, it is imme- 
diately killed by inhaling the noxious vapour. It 
Pera in a ſtate of ſimple mixture in mineral 
Ba. 

It is emitted in iis quantities Sven bodies ina 
ſtate of vinous fermentation, ſuch as wine, beer, &c. 
On account of it's great weight, fixed air occupies 
the ſpace or upper part of the veſſels where the fer- 

menting proceſs is going on. Avvariety of entertain- 
ing experiments may be made in this ſtratumof elaſtic 
fluid.“ Lighted paper, or a candle dipped into it, 
is immediately extinguiſhed, and the ſmoke re- 
maining in the fixed air renders it's ſurface viſible, 
which by agitation may be thrown into waves, and 
has a very pleaſing effect. If a diſh of water be 
immerſed in this air, and briſkly agitated, it ſoon 
becomes impregnated, and obtains the lively taſte 
of Pyrmont water. In conſequence of it's weight, 
fixed air may be. dipped out in a pitcher, or bottle, 
and conveyed, if well corked, to a great diſtance. 
The effects produced by pouring this inviſible fluid 
from one veſſel to — have a very fingular ap- 
Pearance. 
* Prieſtley's Experiment and Obſervations on Air, vol. i. p- 4 
Nicholfon's Firſt A a of Chemiſtry, p. 178. 
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rance. If a candle, or ſmall animal, be placed 

in a deep veſſel, the former is extinguiſhed, and 

the latter expires in a ſecond, after the fixed air is 

poured upon them ; though the eye is incapable of 

perceiving any. thing thus poured out, and pro- 
ducing theſe effects. | 

This air is alſo furniſhed i in great 1 

by the reſpiration of animals, where the vital air, 

which has parted with a great portion of it's fire 


for the ſupport of animal life, combines with a 


carbonnous ſubſtance, which is diſengaged from 
the blood in the lungs. You have already ſeen 
how unfit this fixed air is for reſpiration. Hiſtory 
informs us, that the two ſlaves, whom Tiberius 
cauſed to deſcend into the grotto del cano, were 
immediately ſtifled, Two criminals, cauſed to be 
ſhut in there by Peter Toledo, ſuffered the ſame 
fate. The abbe Nollet, who had the courage to 
reſpire the air, perceived a ſuffocating ſenſation, 
and a ſlight degree of acidity, which produced 
coughing and ſneezing. The unfortunate Pilatre 
de Rozier cauſed himſelf to be let down into the 
gaſeous atmoſphere of a back of beer in fermen- 

tation : he had ſcarce entered the mephitis before 
light pric kings obliged him to ſhut his eyes, a vio- 
lent ſuffocation prevented him from reſpiring, he 
felt a giddineſs, accompanied by thoſe noiſes which 


characterize an apoplexy: when he was drawn up, 


his fight remained dim for ſeveral minutes, his 


countenance was become purple, he neither heard 


nor ſpoke, but with great difficulty. Theſe ſymp- 
toms, however, all diſappeared by degrees. 

It is this air which produces the many un- 
happy accidents at the opening of cellars, in places 
where wine, cyder, or beer, are ſuffered to ferment.. 
Birds plunged into this air ſuddenly periſh. When 
the waters of Boulidou, of Perols, are dry, ſuch 

| | birds 
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birds as attempt to quench their thirſt in the clefts, 
are enveloped in the fatal vapour, and die. 

| Frogs, by ſuſpending their reſpiration, live 
from forty to ſixty minutes, when plunged in an 
_ atmoſphere of fixed air. Inſects are rendered tor- 
pid if they remain a long time in this air, bur 
recover their vivacity as ſoon as Fahey are expoſed 
to the open air. 


Fixed air is combined with great number of 


ſubſtances. It forms about one third of the weight 
of lime-ſtone, marble, calcareous ſpar, and other 
natural ſpecimens of calcareous earth, from which 
it may be extracted by heat, or by any acid ſtronger 
than itſelf. Stronger acids expel more fixed air 
than thoſe that are weaker. I ſhall ſhew you how 
to extricate this air from ſome marble groſsly pow- 
dered, with which I ſhall fill about a fifth part of 
this bottle, (which is furniſhed with a ground 
ſtopple and bent tube,) and then pour on enough 
water to cover the chalk, and add this ſmall 
quantity of oil of vitriol, being about a fourth or 
fifth part of the water, I now paſs the extremity 
of the tube through the water into the pneumatic 
tub, ſo that it may remain under the neck of this 
receiver, which is filled with water; a fermentation 
immediately takes place, which is accompanied 
with heat, as you will feel by applying your hand 
to the outſide of the bottle; and the elaſtic fluid, 

which is fixed air, is copiouſly emitted from the 


mixture, which paſſing through the bent tube, 


and the water, aſcends to the top of the receiver; 
in proportion as it fills this, the water gradually 
deſcends, and is at laſt quite expelled. We may 
now remove our bent tube and bottle to another 
receiver, and thus proceed till we have obtained as 
much fixed air as it will furniſh. Thus air is ab- 
ſorbed by water, but the abſorption is very flow 
unleſs the water 1s agitated, by which means you 

multiply 
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multiply the points of contact, I ſhall put three 
meaſures of fixed air into this graduated tube, and 
then ee it briſkly in the water of our pneumatic 
job, allowing time for the abſorption to take place. 
now elevate the tube, and you ſee by the riſe of 
the water therein, how muck air it has. abſorbed. 
Water in general, under the common preſſure of 
the atmoſphere, and at a low temperature, abſorbs 
ſomewhat more than it's bulk of fixed air. -It ab- 
ſorbs more when cold than when it is heated. If 
water, impregnated with this air, be placed on a 
briſk fire, the rapid eſcape of the acrial bubbles 
pe, it the appearance of boiling water, when the 
eat is not greater than the hand will bear. Cone 
elation ſeparates this air completely from water, 
er no degree of cold or preſſure has yet exhybited 
it ina ſtate of concentrated or denſe fluidity. 
Water impregnated with this air, acquires a 
leaſant ac idulous taſte, and the properties of ſimple 
mineral waters; it is eſteemed a powerful anti- 
ſeptic, and poſſeſſes very valuable medicinal qua- 
lities. The natural acidulous mineral waters do 
not differ from theſe, excepting in holding other 
| principles i in ſolution, and they may be perfectly 
imitated when their analyſis is known, It is abſurd 
to think that art is incapable of imitating nature 
in the compoſition of mineral waters. The opera- 
tion is purely mechanical, conſiſting of the ſolution 
of certain known principles i in water; we.can and 
_ ought therefore to perform it ſtill better, as we have 
the power of varying the doſe, and proportioging 
F ſtrength of any mineral water to the Moy 
which it is intended to be applied. 55 Hg 


To IMPREGNATE Waren WITH Fixen Als, 
For. impregnating fixed air with water, Dr. 
Nooth's 1 is the moſt effectual and convez 
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nient. It conſiſts of three glaſs veſſels, (fig. 5. 
pl. 6.) The lower veſſel C contains the effer. 
veſcent materials; the middle veſſel B is open, 
both above und below; it's inferior neck is fitted 
by grinding into the neck H of the lower veſſel; 
in the former is a valve; this valve opens and 
ſuffers the air to paſs; but the water cannot return 
through the tubes, partly becauſe the orifice is 
capillary, and partly becauſe the flat piece covers 


the hole; the middle veſſel is furniſhed with a cocx 


E, to draw off it's contents; the upper veſſel A is 
fitted, by grinding, into the upper neck of the 
middle veſſel; it's inferior part conſiſts of a tube, 
that paſtes almoſt as low as the center of the middle 
veſſel; it's upper orifice is cloſed by a ground 
ftopper F. When this apparatus is to be uſed, the 
efferveſcent materials are put into the lower veſſel, 


the middle veſſel is filled with pure water, and put 


in it's place, and the upper veſſel is nearly ſtopped, 
and likewiſe put in it's place; the conſequence is, 
that the fixed air, paſſing through the valve at HN, 
. aſcends into the upper part of the middle veſſel B, 
where, by it's elaſticity, it re-acts upon the water, 
and forces part up the tube into the veſſel A; part 
of the common air in this laſt being * compreſſed, 
and the reſt eſcaping by the ſtopper, which is made 
of a conical figure, that it may be eaſily raiſed; as 
more fixed air is extricated, more water riſes, till 
at length the water in the middle veſſel falls below 
the lower orifice of the tube; fixed air then paſſes 
thrgugh the tube into the upper veſſel, and expels 
more of the common air by raifing the ſtopper z 
in this ſituation, the water in both veſſels being in 
contact with a body of fixed air, after a certain 
time becomes ſtrongly impregnated with that fluid. 
This effect may be haſtened by taking offthe mid- 
dle and upper veſſels n and Wies 
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The water, thus impregnated, has acquired 
acid properties; for it will change the blue infuſion 
of turnſole red: nay, if a weak ſolution thereof be 
only expoſed to fixed air, it acquires a reddiſh 
tint, 

This air, and the water impregnated therewith, 

_ precipitates lime from lime-water: to prove this 
to you, I ſhall mix a little of this lime-water with 
ſome fixed air; you ſee the water aſſumes a milky 
appearance, and the lime is precipitated. The ſame 
effect would take place if I was to pour upon the 
lime-water ſome water impregnated with fixed 
air. 

Lime combined with this air, forms chalk 
which is not ſoluble in water, but is precipitated 
thereby; lime-water is therefore a teſt for to diſ- 
cover this air. It was Dr. Black who firſt ſhewed 
that the cauſticity, ſharpneſs, and ſolubility in 
water of calcareous carths, was owing to their 
being deprived of fixed air; and that when they 
were combined with a proper quantity thereof, they 
were mild ; the doctor giving them the name of 
mild when they were combined with fixed air, and 
of cauſtic when deprived of it, 

Lime-water is precipitated by the vapour 
emitted by animals in reſpiration. 

Fixed air combines with alkalies, It neutra- 
lizes both fixed and volatile alkalies, not only 
deſtroys their acidity, but gives them manifeſtly an 
acid taſte, and enables them to form cryſtals of 4 
neutral or acidulous ſalt, 

Some writers aſſert, that this air reſiſts putri, 
; faction, abſorbing the putrid effluvia emitted from 
bodies. It is, however, improper for vegetation. 
Dr. Prieſtley, having kept the roots af ſeveral 
plants in water impregnated with this acid, obſerved 
hz fers all e and in thoſe jnſtances where 
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plants vegetate in water, or in air which contains 
this gas, the quankity of gas is very ſmall. Mr, 
Senebier has obſerved, that plants, ſuffered to grow 
in water flightly acidulated with this gas, emit a 
larger quantity of vital air. Mr. Chaptal ſays, that 
the fungi which are formed in ſubterraneous mines, 
are almoſt totally reſolved into fixed air; but 
if theſe vegetables be gradually expoſed to the 
action of light, the proportion of acid diminiſhes, 
while that of the coaly principle augments, and 
the vegetable becomes coloured. 

By paſſing the electric ſpark through fixed 
air, confined by mercury, the volume of air is aug- 
mented about one twenty- fourth part, and of this 
three fifths will be abſorbed by a ſolution of cauſtic 
alkali, and the remainder is inflammable. Many 
attempts have been made to explain this fact, but 
they are too unſatisfactory for relation. 

Fixed air is heavier than common air. Ac- 
cording to Mr. Kirwan, fixed air is to common 
air as 45.69 to 68.74 ; according to Mr, Lavoiſier, 
as 48.81 to 69.50. 

As a knowledge of the nature of this air is 
highly neceflary, in accounting for a variety of 
phenomena, I ſhall lay before you a ſummary of it's 
properties, to impreſs more "DER what I have 
already mentioned to you. 1, It has added one 
more to the number of acids. 5 When calcareous 
alkalies and magneſia, in their uſual ſtate, are mixed 
with acids, an efferveſcence takes place, and fixed 
air is diſengaged from them, 3. It has cauſed 8 
diſtinction to be made of all alkaline matter into 
two ſtates; the ſtate of purity or cauſticity, and the 
mild ſtate, having the property of efferveſcence. 
Alkalies, bath fixed and volatile; become more 
cauſtic and more powerful ſolvents, when de- 


prived of their fixeg rz they are. then alſo wen: 
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pable of cryſtallization, and efferveſcing with acids. 
The calcareous earths which are inſoluble in water, 
when deprived of their fixed air, are ſoluble therein; 
thus lime-ſtone is not ſoluble in water, but lime, 
that is, lime- ſtone deprived of it's fixed air, is 
ſoluble in water. It has thus removed from che- 
miſtry the difficulties it was under in accounting 
for the differences between the mild and cauſtic 
ſtate of lime and alkalies, and their efferveſcence 
with acids in the one, but not in the other: by 
pointing out this effect, Dr. Black, of Edinburgh, 
has been of the utmoſt benefit to ſcience, and now 
reaps the reward ariſing from well-deſerved and 
univerſal fame. 4. It gives the firſt inſtance of an 
acid which prefets lime to fixed alkalies. 5. It 
has explained. the nature of mephitic caverns. 
6. It has rendered the analyſis of waters more per- 
fect, particularly ſuch as are called gaſeous, aci- 
dulous, and ſpirituous; and we have ſucceeded in 
imitating of them. 7. It has thrown great light 
on the ſolution of iron in many waters, and on the 
means of procuring martial waters ſimilar to thoſe 
in nature. Laſtly, it has opened a new field to the 
reſearches of chemiſts and natural philoſophers. 
Indeed every object in nature affords occaſion for 
philoſophical experiment, and every experiment 
which 1s made, even with an expreſs view to any 
particular inveſtigation, incidentally ſuggeſts mat- 
ter for new inquiry. There is not an animal or a 
vegetable ſubſtance that we feed on, nor a ſaline 
ſubſtance that we taſte, nor a beverage that we 
drink, nor the air we breathe, nor a metal that we 
handle, nor a ſtone we tread upon, but what may 
furniſh matter for an infinity of experiments. It 
is by experiments that natural philoſophers explore 
ſecondary cauſes, which are ſteps that ought to lead 
the mind of man from earth to heaven; for the 
| $33 more 
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more diſtinctly you apprehend the number aid 
connection of the ſecondary cauſes operating in this 
little ſyſtem which is ſubmitted to your view, the 
more certainly you will perceive the neceſſity of 
theirultimately depending like the links of r 8 


chain, on a FIRST.“ 


* Watſon's Chemical Eſſays volt iv. p. 3544 
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' LECTURE XI. 
Or Ini Am AIR. 


HIS air is found ready formed in marſhes, 

ditches, and over the ſurface of putrid waters, 
in Varrel in houſes of office, and in ſitu- 
ations where putrid animal and vegetable matters 
are accumulated; it may alſo be extracted from 
the waters of moſt rivers and lakes, eſpecially thoſe 
in which great quantities of fermenting and putri- 
fying matters are thrown. Dr. Franklin ſays, that 
in warm countries, if the mud at the bottom of 
a- pond be well ſtirred, and a lighted candle be 
brought immediately after near the ſurface of the 
water, a flame will inſtantly ſpread a conſiderable 
way over the water, aftording a very curious ſpec- 
tacle in the night time. Mr. Cavallo aſſures us, 
that it may be plentifully procured from moſt of 
the ponds round London: to do this, fill a wide- 
mouthed bottle with the water of the pond, and 
keep it inverted therein, then erg a ſtick ſtir the 
mud at the bottom of the pond, juſt under the 
inverted bottle, ſo as to let the bubbles of air which 
proceed therefrom enter into the bottle; this air 
is inflammable. When by thus ſtirring the mud 
in various places, and catching the air in the bottle, 
you have filled it, you muſt put a cork in the 
bottle, whilſt the mouth is under water, and you 
may then take it home to examine the contents at 
leiſure. There are many inſtances recorded, ef a 
vapour iſſuing from the ſtomach of dead erſons, 
which took fire on the approach of a on le; and 
ſuch air is probably often generated in the inteſ- 
tines of living animals. It is found in mines in 
tuch quantities as to produce the moſt dreadful 
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effects. Being lighter than common air, It always 
riſes to the top of thoſe places where it is generated, 
ſo that it cannot be confined except in ſome vaulted 
place. By itſelf it is very noxious, and will in- 
ſtantly put an end to animal life; but when mixed 
with atmoſ; pherical air, may be breathed in much 
greater quantity than fixed air; it's great i inflam- 
mability in this ſtate, however, renders it very 
dangerous to bring any lights in thoſe places where 
it abounds; it does not inflame unleſs mixed with 
atmoſpherical or with vital air, for pure inflam 
mable air extinguiſhes flame as effectually as red 
or phlogiſticated air; the exploſion is more vio- 
lent, and the flame more brilliant, when it is 
mixed with vital than with atmoſpherical air. 

: Inflammable air may be obtained in great 
purity by decompoſing water; which is always a 
onſtituent part thereof. The French writers term 

it hydrogene,; that is, generator of water. 
E. Inflammable air may always be obtained from 
water by ſubjecting water to the action of a ſub- 
ſtance with which vital air has a greater affinity 
than it has to inflammable air: by this means the 
inflammable air is ſet free. Red-hot iron is often 
employed for this purpoſe ; the iron during this 
roceſs is calcined, and is changed into à ſubſtance 
reſembling the iron ore from the iſland of Elba; 
in this ſtate of calx it is much leſs attractible by 
the magnet, and diflolves in acids without efler- 
veſcence. 
Charcoal, in a red heat, has the fame power 


of decompoſing water; in this proceſs fixed air is 
formed and mixed with the inflammable gas, but 


is eaſily ſeparated by means of water or alkalies, 


which abſorb the fixed air, and leave the inflam- 
mable pure. Inflammable air may alſo be obtained 
by diſſolving iron or zinc in weak oil of vitriol; 


theſe rwo metals decompoſe water but very _ 
an 
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and with great difficulty, when alone, but do it 
with great eaſe and rapidity when aſſiſted by the 

vitriolic acid: 1 23 „„ 
Il put ſome iron: filings into this bottle, which 
is ſimilar to that we uſed in making fixed air; and 
then cover them with oil of vitriol, which I have 
diluted with water; a fermentation enſues, accom- 
panied with heat; having let the common air eſcape 
from the bottle, I ſhall now put in the ground 
ſtopple and bent tube, and paſs the end of the tube 
into this bottle filled with water ſtanding on 
the. ſhelf of our pneumatic apparatus, and you will 
ſoon ſee it filled with a fluid, which, on examina- 
tion, you will find to be inflammable air. 
If you heat an iron tube, kept red-hot in the 
furnace, the bent end of the tube being introduced 
under one of the receivers of the pneumatic appa- 
ratus, and then let water paſs through the tube by 
ſingle drops, an aerial fluid will be diſengaged; 
which, on trial, you will find to be inflammable 
air. As this experiment has been made by Mr. 
Lavoiſier in the moſt deciſive manner, and as it is 
the foundation of a new theory in chemiſtry, I ſhall 
endeavour to give you an accurate idea of -the 
method uſed by Mr. Lavoiſier and his aſſociates. 
A gun-barrel was taken; into which was introduced 
à quantity of thick iron wire flattened by hammer- 
ing. The gun-barrel and the flattened iron were 
weighed with the moſt ſcrupulous exactneſs, after 
which the gun-barrel was covered with a lute, for 
the purpoſe of ſecuring it from the immediate con- 
tact of the fire. It was then placed in a furnace 
with ſuch a degree of inclination that water would 
run through it. To the higher extremity was 
adapted a funnel to contain water, which was 
ſuffered to eſcape drop by drop, by means of a 
cock: the funnel was cloſed, to prevent any of the 
| water 
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water from evaporating. To the inferior extre- 


mity of this gun-barrel was luted a tubelated re- 


ceiver, to receive the water which ſhould eſcape 
decompoſition. Laſtly, to the tube of the receiver 
was fitted another tube, to convey the inflammable 
air to the pneumatic apparatus. 

As a further precaution, a vacuum was made 
in every part of the apparatus, in order that the 
inflammable air might not be mixed with common 
air. Laſtly, when all theſe - preparations were 
completed, the gun-barrel was made red-hot, and 
the water introduced drop by drop; an enormous 


quantity of inflammable air was diſengaged during 


the courſe of the experiment; when it was finiſhed, 
the gun-barrel was cleared of it's lute, and being 
weighed, was found to have acquired a conſiderable 


augmentation of weight: this augmentation of weight 


waded to the inffammatble air obtained, gave a total 
very exatly equal to that. of the water which had 
diſappeared. The flat pieces of iron that had been 
introduced into the gun-barrel, and likewiſe the 
interior part of the gun-barrel itſelf, were con- 
verted into a thick ſtratum of black calx of iron, 
or martial ethiops, cryſtallized like the iron ore of 
Elba. The chemical analyſis of this ſubſtance 
proved, that the iron was reduced exactly to the 
ſame ſtate as that which had been burned in vital 
„ 
Meſſrs. Lavoiſier, &c. were deſirous of forming 
water again with the ſame inflammable gas which 


had been obtained. It was burned in a proper 


apparatus, with a quantity of vital air equal to that 
which had been retained by the gun- barrel, and the 
ſame quantity of water was reproduced with ſuffi- 
cient exactneſs; it amounted to ſomewhat more 
than fix ounces. This double experiment is con- 
fidered, by Mr, Lavoiſier, as a clear proof of the 
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poſſibility of decompoling and recompoſing water, 
and of it's reſolution into oxigene and hydro- 
gene. | 1 5 
Inſtead, however, of aſſerting from hence that 
water is formed by the combination of the two 
gaſſes, it would be more philoſophical, as zearer 
the fact itſelf, to ſay, that the water obtained in 
this experiment ariſes from the mutual decompo- 
fition of theſe two gaſſes, of which it probably 
forms the ponderable part. oY „ 
Philoſophers are agreed in allowing that water 
is the ſenſible ponderablè product of the foregoing 
experiment; and the queſtion between them is, 
whether this water is formed by the union of the 
ponderable baſes of theſe fluids, or whether theſe 
baſes are not water itſelf, and which is therefore 
not produced, only liberated, in this experiment. 
By aſſerting that it is formed, the French writers 
have turned a,fa# into an hypotheſis. 


Nothing indeed could be more convenient for 
the antipblogiſtic chemiſts, than their ideas of the 
compolition of water; for as this fluid exiſts, more 
or leſs, in almoſt all bodies, and in almoſt every 
chemical operation, and as it is, according to their 
theory, ſuppoſed to contain an flammable princi- 
ple, nothing could be more eaſy to account for all 
the phenomena before imputed to phlogiſton, than 
by ſubſtituting for this od inflammablèe principle 
the new inflammable principle of water. The doc-. 
trine of the compoſition and decompoſition of water 
has accordingly been the univerſal Edipus that un- 
locks all the myſteries of chemiſtry ; the cau/a /ine 
qua non of the French ſchool, * a ſchool in which 
hypotheſes are continually taken for granted as aſ- 
certained truths, and an which opinions, that in a 
| | conjectural 
Keir's Dictionary of Chemiſtry, firſt part, Preface, p. 7. 
Diſtionary, P · 287. 8 > | 
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conjectural ſyſtem are proper objects of diſcuſſion; 


'zaze admitted as facts and demonſtrated truths. 


It has often been objected to the phlogiſtic 
theory, that phlogiſton was merely a being of hy- 
potheſis, while the French ſchool boaſt that their 
theory, if it can be ſo called, is nothing but 42 
expoſition of facts: You will find, on inveſtigation; 
that their theory is at leaſt as full of hypotheſis as 
that which they oppoſe: Thus their carbonne and 
hydrogene are not ſubſtances which have ever been 


exhibited to our ſenſes, or inferred by any certain 


induction. 5 | 

Their carbonne is ſuppoſed to be the remaining 
part of charcoal after it has been diveſted of earth 
and fixed ſalts. It nevertheleſs is ſuppoſed to re- 
tain the peculiar properties of charcoal in forming 
fixed air when united with vital air. But what 
fact aſcertains the exiſtence of ſuch a being, or it's 
poſſibility of forming fixed air, when deprived of 
all it's earth and ſalts? Of their hydrogene we have 
already ſpoken. | 

The great quantity of inflammable air pro- 
duced in warm climates, has made ſome conjecture 
that it may have a conſiderable ſhare in producing 
certain atmoſpherical meteors. The weak light- 
nings, without any exploſions in the atmoſphere; 
are by them conjectured to proceed from inflam- 
mable air fired by electric exploſions. M. Volta 


ſuppoſes, that the 7gnes fatui are occaſioned by the 
inflammable air, which proceeds from marſhy 


grounds; but theſe phenomena may be better ac- 
counted for by the action of the electric fluid 


This gas is more common than any other of 
the noxious airs, for there is hardly any inflamma- 
ble ſubſtance from which it may not be extracted, 


The fluids, however, which go by the name of in- 


flammable 


| 


NATURE AND PROPERTIES or ELASTIC FLUIDS. 493 


flammable air, have often no other property in 
common but inflammability, and being lighter than 
common air. The ſmell, weight, power of burn- 
ing, of preſerving their properties, and the phe- 
nomena attending their combuſtion, differ very 


much, ſorne burning in an exploſive manner, 


others quietly with a lambent flame, 

There is a diſtinction neceſſary to be made 
between an inflammable elaſtic fluid, and that 
which is made by combining an inflammable ſub- 
ſtance with common air. Thus, a drop of ether 
px into a quantity of common air mixes itſelf 

ith it, and takes fire on the approach of flame 
like inflammable air; but if waſhed with water, 
the ether is immediately ſeparated from the air. 
Common air becomes alſo inflammable by being 
tranſmitted through ſeveral eſſential oils, and thus 
air contiguous to the plant, called fraxinella, be- 
comes inflammable in calm hot weather, by the 
emiſſion of it's inflammable air. Inflammable air 
is often mixed with other ſubſtances, which it 
holds in diſſolution, and which conſtitute five 
varieties, viz. hepatic gas, phoſphoric gas, me- 
hitized inflammable gas, cretaceous inflamma- 
ble gas, carbonaceous nnn gas. 


Or PuRE INFLAMMABLE AIR. 


This air has a very diſagreeable ſmell, which 
it even retains when mixed with a large quantity 


of common air: you remember when I made 


ſome juſt now, it filled the whole room with 
it's offenſive ſmell, which is not even yet diſe 
fipated. 
It gives no ſigns of acidity, it does not pre- 
cipitate lime from lime-water, nor change the co- 


ior of rike when it is very Pres you may 


caſily 


— — ie —— — 
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eaſily preſerve it in bottles that are well corked, 
and that though there ſhould be water in the bot- 
tles, for it is not ſoluble in water. 

| Inflammable air is not proper for reſpiration, 


Birds ſucceſſively placed in a veſſel filled there. 
with died, without producing the ſmalleſt percep- 


tible change in the gas itſelf. Mr. Chaptal found 
that frogs, in forty inches of inflamimable air, died 
in the ſpace of three hours and a half, while others 
lived fifty-five hours in vital and atmoſpheric air; 
when taken out they were ſtill alive, the air was 
neither vitiated nor diminiſhed. From a variety 
of experiments, he found thar theſe animals have 
the faculty of ſtopping their "reſpiration, when 
placed in any noxious gas, to ſuch a degree, that 
they only inſpire once or twice, and afterwards 
ſuſpend every function on the part of the reſpira. 
tory organ. | Fe | 
This gas does not appear to be changed by 
the human reſpiration, and M. Chaptal thence in- 
fers that it is not reſpirable; for if it were, it 
would ſuffer a change in the lungs, the object of 
reſpiration not being confined merely to the re- 
ception and emiſſion of a fluid. It's functions are 
more noble, more intereſting, and more intimate- 
ly connected with the animal ceconomy. We ſhould 
conſider them as an organ nouriſhed by the air, 
digeſting that part which is preſented to it, re- 
taining the beneficial, and rejecting the noxious 
art. Inflammable air may, indeed, be reſpired 
| a ſucceſſive times without danger to the in- 
dividual, or without any change or alteration in 
Itſelf ; we may conclude from thence, that inflam- 
mable air is not poiſon ; but we cannot infer from 


thence, that it is proper for reſpiration. 


Inflammable air is not combuſtible alone, it 
does not inflame without the concurrence of vital 
air. I ſhall take this veſſel, which is filled with 

Z —_ _-  anflammable 
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inflammable air, from our pneumatic apparatus, 


placing my thumb on the mouth thereof to pre- 
vent the air from eſcaping; I ſhall preſent the 
mouth to the flame of this candle, which imme- 
diately inflames the air at the ſurface, and the 
flame gradually deſcends lower and lower to about 


the middle of the bottle; but it burns only while 


in contact with the air; for the moment I cloſe 
the bottle the flame goes out. Here is another 
bottle filled with this air, I preſent a lighted ta- 
per thereto, and the ſurface is inflamed; I plunge 
it lower, and it is immediately extinguiſhed. Even 
the moſt inflammable bodies, ſuch as phoſphorus, 
do not burn in an atmoſphere of inflammable air, 
It's inflammation is, however, more rapid in pro- 
portion to the ſurface expoſed to the air. 


Here is a ſmall piſtol, in which I ſhall mix 


inflammable and common air, then ſtop the mouth 
with a cork, and fire the air by a ſpark from bur 
electrical machine, You obſerved how loud the 
noiſe of the exploſion, -and you ſee with what force 


it has driven out the cork. It muſt needs appear 


ſingular to you to ſce a piſtol charged and exploded 
by the combuſtion of an izvz//b/e ſubſtance. 

The neck of this bladder is tied co a metal 
pipe, the bladder 1s filled with inflammable air ; 
I ſhall inflame the air by applying the flame of a 
candle to the extremity of the pipe, ſqueezing at 


the ſame time the bladder; thus a beautiful ſtream 


of fire is formed in the air, which will laſt as long 
as I force out the inflammable air. You muſt be 
careful, in repeating this experiment, to keep 
continually preſſing the bladder, to prevent the 
entrance of atmoſpheric air, by which that with- 
in the bladder would explode with violence, and 
burſt the bladder to pieces. = 

On this principle artificial fireworks have 
| been conſtructed, without ſmoke and without 
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noiſe, by filling the bladder with this air, and fore- 
ing the air through tubes bent in various direc- 


tions, furniſhed with ſtop-cocks, and piercęd with 


a great number of holes; the air is forced through 
theſe holes by preſſing the bladders, and is inflam- 
ed by a taper, and continues to burn as long as 
you preſs the bladders, or till you turn the ſtop- 
cocks. Mr. Dillier exhibited ſome very beauti- 
ful fireworks of this kind, at Londan, of different 


figures and colours, The colour varying with 
the mixture, one third of the air of the lungs mixed 


with the inflammable air of pit- coal, gives a blue 
coloured flame; inflammable mixed with nitrous 
air, affords a green colour; the vapour a ether 
affords a white flame. 

Inflammable air is lighter than common air; 
a cubic foot of atmoſpheric air weighs 720 grains, 
a cubic foot of inflammable air 72 grains. The 
barometer being at 23.3, and the thermometer 
at 60, the weight of this air, to that of com- 
mon air, was found as 84 to 1000; conſequently 
it is about twelve times as light. It's ſpecific 
gravity varies very much, becauſe it is difficult 


to obtain it. * of the ſame degree of pu- 


rity. The theory balloons, 'or aeroſtatic ma- 
chines, is founded on the levity of inflammable 
air. It is ſufficient that the weight of the balloon 
itſelf, and the air it incloſes, ſhould be lighter 
than an equal bulk of common air, and it muſt 
riſe till it's weight is in equilibrio 1 with an equa} 


volume of the ſurrounding medium, 


Or Heearjc AIR, 


Fr Inflammable air poſſeſſes the property of git. 
ſolving ſulphur, in which caſe it eq! tracts a very 
Fiend ſmell, and forms hepatic air, 

. | Kreagembes Pur ſulphur. into inverted 
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Veſſels filled with inflammable air, and diſſolved 
it by means of a burning-glaſs, and found it poſ- 
ſeſſed all the diſtinctive characters of hepatic air. 
It is generally obtained from liver of ſulphur, or 
ſolid hepars, decompoſed by means of acids in the 
pneumatic apparatus; it is extricated in vaſt 
quantities, by pouring marine acid on hepar ſul- 
phuris. If inflammable air be paſſed through melt- 
ed ſulphur, it is converted into hepatic air. The 
formation: of this gas is generally effected by a 
decompoſition. of water. In fact, livers of ſul- 
Phur do not emit any diſagreeable ſmell while they 


are dry; but the moment they are moiſtened, an 


abominable ſmell is perceived, and vitriolated tar- 
tar begins to be formed. Theſe phenomena ſhew 
that the water is decompoſed; that the inflam- 
mable air unites to the ſulphur, and together with 
fire volatilizes it, while the vital air unites witiu 
the alkali, and forms a more fixed product. 


It is not fit for refpiration, and- turns 3 5 


ſyrup of violets green. If pure air be mixed with 


it, the oxigene thereof combines with the hydro- 


gene, and precipitates the ſulphur; for the ſame 


reaſon it is decompoted: Ip the moni the ſul- 


phureous acid. 


I "kt: fakes fire by the cinta} of inflamed bil 


dies, or by the electric ſpark, and burns with a 
reddiſh blue flame, depoſiting ſulphur at the ſame 
time on the ſides of the veſſel. It detonates when 
ſet on fire in vital air; it is very ſoluble in water, 
which it converts into a ſtate perfectly reſembling 
that of the ſulphureous mineral ſprings; it is pro- 
bable, therefore, that it is this gas which im- 
pregnates ſulphureous water; it's great attraction 
for ſome metals, and their calces, makes it the 
baſes of ſome ſympathetic inks. It's ſpecific gra- 
vity, compared to that of ae ar, 18. as 
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ProsprHorte AIR. 
I)his is inflammable air, in which phoſpho- 
rus has been diſſolved. It was obtained by Mr. 
Gengembre, by boiling a ſolution of cauſtic vege- 
table alkali, with half it's weight of phoſphorus, 
and receiving the elaſtic fluid, which was diſen- 
gaged under glaſs veſſels filled with mercury. It 
cannot be collected in water, being very ſoluble 
therein. It has a very fœtid ſmell, and is unfit 
for reſpiration. | 13D 

It takes fire ſpontaneouſly by the contact of 
air, accompanied with an exploſion, which may 
prove dangerous, if you preſent too large a quan- 
tity of air at once. When vital air is mixed with 
this gas, it burns with great rapidity, producing 
a great degree of heat, which dilates the receivers 
ſo much, that they are ſometimes ſhattered to 
pieces. As this phoſphorus takes fire on contact 
with the air, it communicates it's combuſtion to 
the inflammable air. i ieee 
It is probably to a diſengagement of a gas of 
this kind, that we may attribute the ignes fatui, 
which play about burying grounds, and in general 
all places where animals are buried and putrify. It 
is to a ſimilar gas that we may refer the inflamma- 
ble air, which conſtantly burns in certain places, 
and upon the ſurface of certain cold ſprings. 


INFLAMMABLE CARBON ICG Gas. 


It is now ſuppoſed, that charcoal, though fixed 
in cloſed veſſels, and in our ordinary fires, con- 
tains a carbonaceous principle, denominated by 
the French writers carbonne, which may be re- 
duced into vapours by a great degree of heat; and 
that it is ſoluble by aeriform fluids, more particu- 
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larly by inflammable air, which often combines 
with it when aſſuming the aerial ſtate, 

This air is diſengaged, when caſt iron or 
ſteel is diſſolved in ſpirit of vitriol. Charcoal 
may be diſſolved in this gas by a burning-glaſs, 
when the gas is in the mercurial part of the 
pneumatic apparatus; though this modifies it's 
effects, and alters the reſults of it's combina- 
tions; it burns with a blue flame, throwing out 
white or reddiſh ſparkles. 

Mr. Berthollet ſuſpects, that a mixed gas 
formed by a ſolution of charcoal in mephitis, is 
the colouring matter of the Pruſſian blue. 


CRETACEOUS INFLAMMABLE AIR. 


This is the mixture of inflammable and fixed 
air, but without combination. It is obtained 
by diſtillation from many vegetable matters, 
from tartar, from all the tartarous ſalts, from 
hard woeds, or charcoal, which is burned, by the 
aſſiſtance of water, from pitcoal, &c. It burns 
with difficulty; but though three-fourths of it's 
bulk be formed of fixed air, it till remains com- 
buſtible. 

The inflammable may be ſeparated 605 the 
fixed air, by means of lime-water, or cauſtie al- 
kali, with which the fixed air combines. 


INFLAMMABLE AIR FROM MARSHES. 


This is inflammable; air mixed with phlopiſth- 
cated air. It is produced by the putrifaction of many 

vegetables, and of almoſt all animal ſubſtances. It 
is diſengaged from ſtanding waters, and all places 
where animals putrify in water. It accompanies, 


precedes, or follows the formation of the vola- 
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tile alkali, which takes place in putrifaftion. It 
is a ſimple mixture without combination. It burns 
with a blue flame; it detonates, but with diffi. 
culty, in vital air, After detonation, in Mr, 
Volta's Eudiometer, ſome drops of water are 
found, and a reſidue of phlogiſticated air, more 
or leſs pure. 


 Muxrarzic Acip Gas. 


This air is not found exiſting, or ready form- 
ed in nature; but is an artificial production; it is 
obtained by heating ſpirit of ſalt, or liquid muria- 
tic acid in a retort, whoſe neck is plunged beneath 
a veſſel filled with mercury. It may be produced 
in the ſame apparatus by heating a mixture of 
common ſalt and oil of vitriol. It cannot be col- 
lected in water, as it / is quickly abſorbed thereby. 
It ſeems to be nothing more than the muriatic acid, 
deprived of part of it's water, and combined with 
ſo much fire, as will make it aſſume an elaſtic aeri- 
form ſtate. 

This air has a ſtrong penetrating ſmell, being 
the muriatic acid; it gives the ſame ſigns of aci- 
dity, and reddens blue vegetable colours; but does 
not deſtroy them like oxygenated. muriatic acid. 
It abſorbs the vapours of water, which float in the 
air, and forms with them a white fume. It melts 
ice with great rapidity, on account of the great 
heat ſeparated from it on it's combination with 
water. It is abſorbed by charcoal and by ſponge, 
unites with all alkaline baſes, and forms muriatic 
ſalts. It diſſolves camphor. It is deſtructive of 
animal life. On dipping a candle into this air, the 
flame is extinguiſhed ; but the moment before it 
goes our, and when it is firſt lighted again, it burns 


- -with a green or light blue flame. This gas is con- 
2152 ſiderably 
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ſiderably heavier than common air, in the propor- 
tion of 5 to 3; a cubic inch weighs 0.654. grains : : 
it does not act on metals. 

Orygenated, or depblogiſticated muriatic gas 
is obtained with great facility during the mutual 
action of the native calx of manganeſe, and the 
muriatic acid. 

It is conſidered by ſome as the marine acid 
deprived of phlogiſton; by others, as the marine 
acid combined with vital alr. | 

It is of a yellowiſh green colour, of a ſtrong 
penetrating ſmell, and quickly deſtroys animal 
life. 

It decompoſes volatile alkali, which: may 
therefore be uſed as a preſervative againſt it's noxi- 
ous effects, ſeparating the phlogiſticated air from 
the alkali in proportion as it's own vital air unites 
with the inflammable gas of the volatile alkali, with 
which it forms water. It thickens fat oils, cal- 
cines metals, and is abſorbed by water, to which 
it communicates all theſe properties. It will ſup⸗ 
port flame, but is fatal to animal life. 

It is gradually decompoſed by the contact of 
light, and reduced to the ſtate of pure muriatic 
acid. 

It is one of the moſt ſingular diſcoveries of 
modern chemiſtry, 

It is abſorbed almoſt as readily as fixsd air by 
water, but may be eaſily expelled again by hear, 
and received in veſſels containing mercury; but the 
air thus expelled, does not readily again incorporate 
with water: the electric ſpark renders it wholly 
immiſcible with water, 

It deſtroys all vegetable colours. It does not, 
like acids, redden litmus and ſyrup of violets, bur 
renders them white, and has the ſame effect on dyes. 
It bleaches yellow wax. On account of this whiten- 
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ing quality, it has been applied ſucceſsfully to 
Bleaching of linen, 1n caſes where expedition 1 1 885 
ferred to œconomy. f 
It does not, however, affect all vegetable 
colours in the ſame manner and degree. The co- 
louring matter of brazil wood, and ſome green parts 
of plants, retain a yellow tint. The leaves of 
ever-greens long reſiſt it's action, and at laſt only 
acquire the yellow colour which they receive by a 
long expoſure to the air. 
Inflammable ſubſtances reduce it to the ſtate 
of common muriatic acid. 


SULPHUREOUS Acid 1 OR VITRIOLIC Aci 
AIR. | | 


This is the product of art. It is formed when- 
ever a combuſtible body takes away a part of the 
vital air, which is united to ſulphur in the vitriolic 
acid. It is alſo formed when ſulphur, burning 
ſlowly, abſorbs but a ſmall quantity of vital air 
from atmoſpheric air. 

Io procure vitriolic acid air, ſtrong concen- 
trated vitriolic acid is to be put into the uſual 
bottle with any proper ſubſtance; olive oil anſwers 
the purpoſe very well; there ſhould be about three 
or four times as much oil of vitriol as ſweet oil, 
and both together ſhould fill about one third or 
half the bottle. A gentle degree of heat is ne- 
ceſſary to make theſe materials 1 the elaſtic 


fluid. 
It is very ſoluble in water, and deſtroys many 
vegetable colours, ſo that it's oxigene muſt be 


either totally or nearly diſengaged. 

When united with alkaline baſes, it forms 
neutral ſalts, different both in figure and taſte 
from thoſe which are formed by the vitriolic acid, 


and particularly 1 in this, _ they may be decom- 
poſed 
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poſed by more feeble acids. It melts ice with great 
rapidity. 

It is heavier than common air, extinguiſhes 
combuſtion, and deſtroys animal life. 

If this air be mixed with alkaline air, it forms 
a beautiful white cloud, which becomes condenſed, 
and is found to be vitriolic ammoniac: at the ſame 
time a yellow ſubſtance is ſeparated, which ſeems 
to be ſulphur. Water impregnated with this air, 

may be frozen without parting with the air, and 

if ſuch water be incloſed in a glaſs hermetically 
ſealed, and be then expoſed to heat for en days, 
it depoſits ſulphur. | 
It is heavieſt of all acrial fluids, except fluor 
acid air, being to common air as 226 3 to 1000. 


Fruen Acrp Gln 


If pure fluor, or ſpar, that ſpecies of ſub- 
ſtance which is called the Derbyſhire ſpar, and of 
which you have ſeen ſo many ornaments for chim- 
nies made, be placed in a retort of lead, with a 
receiver of the ſame metal adapted, and vitriolic 
acid be then poured upon it, the acid of ſpar will 
be diſengaged in an aerial form, by the application 
of a very gentle heat. The fluor acid air is at firſt 
produced without heat; but in a ſhort time it will 
be neceſſary to apply the flame of a candle to the 
bottle, by which means a conſiderable quantity of 
this elaſtic fluid is obtained. This air readily 
combines with water, and therefore when expe=- 
riments are to be made with it in an elaſtic ſtate, 
it muſt be received over mercury. 

The diſtinguiſhing property of this acid is 
that of diſſolving filiceous earth. The firſt ex- 
periments made with it were in glaſs veſſels; and 
it was obſerved, that an earthy matter was depoſited 
at the inſtant the air came in contact with the wa- 
ter in * recipient; this was found upon exa- 

K k 4 « mination 
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mination to be ſiliceous earth. It has been found 
by ſubſequent experiments, that this acid corrodes 
glaſs. It has therefore been uſed to make etchings 
upon glaſs in the ſame manner as the nitrous acid 
_ e ee applied to een 


| ALKALINE Aer Gas. 

1 bien air was s produced at firſt by Dr. Prieft- 
17 from common ſpirit of ſal ammoniac, with 
quick-lime. This air, when pure, is inſtantly fa- 
tal to animal life, and extinguiſhes flame: juſt 
however before the flame of a candle goes out, it 
is enlarged by the addition of another flame, of a 
pale yellow colour. The electric ſpark taken 
therein, appears of a red colour, and by degrees 
changes it into inflammable air. 

On confining ſome water, impregnated with 
alkaline air, to a ſtrong heat for ſome days, a 
white ſediment, or cruſt, was formed on the 
ſurface. ' - | 
Copper, Shich is ſo eaſily corroded by the 
common volatile alkalies, is not corroded at all by 
this air. 

Bits of linen, charcoal, and pong admit- 
ted into it, abſorb it, and acquire a very pungent 
ſmell, It diſſolves ice almoſt as _ as an hot 
fire. 

10% The ſpecific gravity of this air is to that of 
common air, as 600 to 1000. ; 

Dr. Prieſtley procured it by mixing one part 
of pounded ſal ammoniac with three parts of ſlack 
lime. When changed into inflammable air, it has 
been conjectured, that the change is occaſioned by 
heat alone, without the concurrence of light. 
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ABSTRACT OF. A DISSERTATION- ON PHLOGISTON, 
By MR. WIEGLIB, A GERMAN CHEMIST. 


In oppoſition to the French theory Mr. 
Wieglib aſſerts, 
| 1. That there exiſts in combuſtible bodies, 
and in many which are not ſo, a certain inflam- 
mable principle, which is ſeparated when they are 
in combuſtion ; and that metals, by means of fire, 
are reduced to a calx. 

2. This principle may be collected during the 
combuſtion of theſe bodies, and is found in a ſtate 
nearly ſimple in the form of gas. 

3. That it is much lighter than any known 
matter. 

4. That all bodies that are combined wich 
this principle, loſe part of their ſpecific gravity, 
and that in proportion to the quantity of phlo- 
giſton combined with them; but increaſe 1 in weight 
by being deprived thereof. 

5. This principle has a great affinity with 
vital air; their mixture is ſuſceptible of a very 
great condenſation, and changes into phlogiſti- 
cated air. 
| 6. That combined with water and fire (the 
matter of fire), it forms inflammable air. 

17. United with phoſphoric acid, it forms 
phoſphorus, and with the vitriolic acid ſulphur. 

8. Charcoal is compoſed of this inflammable 
principle, and fixed air, with which faline and 
carthy particles are mixed. 

9. We are ignorant of the conſtituent parts of 
vital air; perhaps it is compoſed of the principle of 
the pureſt water, and of the matter of pure fire. 

10. We are equally ignorant of the conſtitu- 
ent parts of fixed air; we can only exhibit it as a 


e 
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— — 


_ — —————ꝛ— ’—ä— 


FN 


506 LrcTurEs ON NATURAL PHILOSOPHY. 


I. . Of the e of an inflammable principle. 


It is be to deny the exiſtence of an 
inflammable principle in many bodies, unlefs the 
mind be led aſide by the force of prejudice. The 
moſt ancient chemiſts were ſenſible thereof; Geber 
deſcribes it under the name of materiam fupitivam 
et inlammabilem, aut ſulphureitatem adurentem, eva- 

rating from metals during calcination. The 
chemiſts of the middle age acknowledge it under 
the name of ſulphur : Becker and Stahl rejected 
this denomination, and made uſe of the terms in- 
flammable principle or phlegiſion; they did not 
adopt it on mere hear-ſay; their own experience 
taught them, that by friction alone you might 
diſengage from ſeveral metals, chiefly copper, lead, 
tin, and iron, a certain odour which became more 
ſenſible when the metals were melted, or during 
calcination, but which is ſtill ſtronger when they 
are diſſolved in acids. | 

The odour which eſcaped during theſe opera- 
tions intimated the preſence of this principle; and 
this ſuppoſition obtained more probability on ex- 
amining the metallic calces, or the precipitates 
obtained by diſſolutions, which are found to be 
deprived of the brilliancy peculiar to the metals, 


as well as of the above-mentioned odour. The 


abſence of theſe properties naturally conducted 
them to this concluſion, that during the cal- 
cination or diſſolution of the bodies, a certain 
principle eſcaped, which was the origin of the 


_ Tmell, and which communicated to metals their 


brilliancy and ductility. The heat and light dif- 
fuſed by a lighted candle, or coals in combuſ- 
tion, properties poſſeſſed by many other bodies, as 
gil, greaſe, tallow, pitch, wax, ſulphur, phoſ- 

4 | phorus, 
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phorus, wood, ftraw, &c. conduct us to the ſame 
idea, i. e. that there exiſts in bodies an inflam- 


mable principle, on which their combuſtible pro- 


perties depend. 
But the truth of what is nene only deduced 


from phenomena, is evidently proved by the re- 
duction of metallic calces to perfect metals, by 
reſtoring to theſe calces, the inflammable principle 


that they had loſt by calcination. 
The modern chemiſts have ſhewn us how to 


ſeparate this principle from different bodies, under 
the form of inflammable air ; with this difference, 


however, that in the inflammable air there is alſo 


water combined with fire. 

The preſence of this ſubſtance in inflammable 
air is proved by the properties and effects it pro- 
duces, which are the ſame as thoſe by which inflam- 
mable air is diſtinguiſhed. * Dr. Prieſtley obtained 
inflammable air by expoſing zinc. and iron to a 
violent fire; the ſame reſult is found from the 
ſolution of theſe metals in the vitriolic and muri- 


atic acid, and by expoſing to the focus of a burn- 


ing-glaſs pure ſteel filings, contained in a veſſel 
filled with mercury. 


It is impoſſible in theſe experiments to miſ- 
take the inflammable matter in the form of in- 


flammable air. A phenomenon obſerved by Dr. 
Prieſtley ſhould be noticed here: a kind of explo- 


ſion he obſerved, while the iron filings were heat- 


ing, and which cauſed a portion of the filings to 
leap about. From this experiment we may con- 


clude, that an aeriform ſubſtance is diſengaged from 


fire by heat, proving at the ſame time how ſmall 
a foundation there is for that theory, which con- 


ſiders the metals as ſimple ſubſtances. After what 


has been ſaid, there is little neceſſity for proving 
that charcoal contains hlogiſton. If the calci- 


nation of metals depends on a privation of this 


inflammable principle, their reduction or return 
ro 
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to their erer ſtate, ſhould naturally take place 
when this principle is reſtored. But this reduc- 
tion does not take place, unleſs the metallic calces 
are expoſed to the action of charcoal, or ſome 
other inflammable ſubſtance. Theſe ſubſtances 
muſt neceſſarily therefore contain the principle 
that co- operates to the reduction of metals. Beſides, 
we may further appeal to the inflammable nature 
of charcoal, which is ſo well known to every one. 
The nature of charcoal, it's exiſtence as an ori- 
ginal ſimple principle, forms an eſſential link in 
the French chemiſtry, without which it cannot be 
ſupported. Though enough might be deduced 
| againſt this notion, from what has been here faid ; 
ſhall take occaſion to notice it again in the courſe 
of this diſſertation. 


2. Separation of the inflammable n 


Though every one acknowledges, that inflam- 
mable air may be ſeparated from all inflammable 
ſubſtances, ſtill it is eſſential to prove, that air, 
known by the name of inflammable air, poſſeſſes 
the ſame properties that are attributed to the 
inflammable principle of certain bodies. Now 
every one knows, that nitre explodes only with 
inflammable ſubſtances, that is, that contain phlo- 
giſton: this has been fully proved by Mr. Achard 
and others. 

Mr. Achard conveyed ſome inflammable air 
obtained from a mixture of iron, and the vitriolic 
acid, into melted nitre, and a very conſiderable 
exploſion took place; and excepting a ſmall por- 
tion of alkali, all the remaining nitre was decom- 
poſed. Meflrs. Macquer and Montigny have alſo 
obſerved, that metallic calces might be revivified 
as well by inflammable air, as by powdered char- 
coal. Mr. Pelletier, in paſſing inflammable. air 


through ſome arſenical acid diſſolved in two N 
| 0 
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of water, obtained thereby an acid in a metallic 
form, which ſeparated itſelf from this liquor. 
All chemiſts know, that copper diſſolved in the 
vitriolic or muriatic, but principally in the nitrous 
acid, is found abſolutely in a ſtate of calx. Ir is 
alſo known, that while the vitriolic or muriatic 
acids attack the iron, inflammable air is diſ- 
engaged; but if the nitrous acid is uſed, nitrous 
air alone is produced. By expoſing, to either of 
the three diſſolutions of copper, a piece of poliſhed 
iron, the copper is immediately ſeparated there- 
from, and recovers it's metallic brilliancy: during 
this experiment, no inflammable nor nitrous air 
is diſengaged, although the acids have certainly 
attacked the metal. It may be aſked, what is be- 
come of the inflammable principle of theſe airs. 
We anſwer, that it is united to the calx of the 
copper; for by what other means could the copper 
have re-acquired the inflammable principle it had 
loſt, but from the inflammable principle of the 
iron; which abandons the laſt metal to attach itſelf _ 
to the copper. 

Negative weight of the inflammable princi ple. 

The imponderability of this principle may be 
conſidered as a kind of axiom, for no one has been 
hitherto able to ſhew that it has any weight. 
4. Theinflammadble principle diminiſhes the gra- 
wity of bodies ; for as ſoon as they are deprived thereof, 
they recover their original weight. 
| M. Weiglib conſiders this as ſufficiently known. 
to thoſe who are inſtructed in modern philoſophy; 
and in the courſe of theſe Lectures you will find 
this a illuſtrated by various arguments. 

. Of the intimate combination of the inflam- 
an principle with vital air, and the developement 
of pblogiſticated air. 

Though we conſider the exiſtence of an inflam- 
2 principle peculiar to combuſtible bodies, 
yet. 
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yet we allow combuſtion cannot take place unleſs 
they are ſurrounded with either vital or atmoſphe- 
rical air: indeed the laſt ſeems only to acquire this 
faculty in proportion as it contains vital air, ſo 
that this may be conſidered as that alone in 
which combuſtion can be produced. There is a 
natural proportion eſtabliſhed between the quantity 
of the combuſtible body, and that. of the air in 
which the combuſtion is made; for experiment 
ſhews, that the combuſtion never goes beyond a 


certain point, and that this point is more retarded 


in vital air than in any other. In all combuſtion 
volatile particles eſcape, in metals it is the inflam- 
mable principle alone which is diſengaged, in other 
bodies a variety of matters eſcape with this prin- 
ciple. Experiment ſhews, that combuſtion ceaſes 
in phlogiſticated or inflammable air; we may, 
therefore, ſuppoſe that theſe airs cannot abſorb the 
particles which eſcape from bodies in combuſtion, 
becauſe they are already ſufficiently loaded there- 
with. What we have here mentioned takes place 
more particularly in the ſimple calcination of me- 
tals ; for as theſe contain no other principle that 
can be volatilized, they loſe nothing but their in- 
flammable principle. 

When metals are calcined, a phenomenon is 
obſerved, which is as it were the hinge or center of 
the new French chemiſtry, and about which all the 
doctrines thereof turn. When metals are calcined, 
or when combuſtion is performed, in cloſe veſlels 
filled with air, a conſiderable vacuum is formed 
an the veſſel, and the remaining air weighs leſs than 
the air that was before contained in the veſſel: on 


the other hand, the body which has been burnt, or 
the metal which has been calcined, will have ac- 


quired weight, and this increaſe of weight will be 
nearly in proportion to the loſs of weight in the 


air. Mr. — ang as we have obſerved 


before, 


\ 


NaTuURE AND PROPERTIES or ErLasTic FLUIDS. 511 


before, that the loſt air is abſorbed by the calx of 
the calcined metal. | 1 
Mr. Wieglib thinks Mr. Lavoiſier has forgot- 
ten that a condenſation of the air may have alſo 
taken place; and it is to this condenſation Mr. W. 
attributes the change in the air, ſupporting his 
opinion on an experiment of Dr. Prieſtley's, who 
found that by taking electric ſparks for a conſide- 
rable time through a quantity of atmoſpheric air, 
that quantity was diminiſhed near one-fourth in 
bulk. Mr. De la Metherie has alſo proved by his 
experiments, that pure vital air may be diminiſhed 
by the electric ſpark, and changed into phlogiſti- 
cated air. Now if theſe experiments prove that 
vital air, when pure, or when mixed with atmo- 
ſpherical air, may be diminiſhed by electricity, it 
is evident that in the caſe, of which we are now 
ſpeaking, the ſame thing ſhould take place, unleſs 
it can be proved that a-portion of this air has been 
abſorbed ; but experiment proves, that this very 
ſenſible diminution of the maſs of air is owing to a 
real condenſation; for on introducing phlogiſticated 
vapour into the pureſt vital air, till it is completely 
ſaturated, there always remains behind a ſmall 
portion of phlogiſticated air. This is proved as 
well by the experiments of Mr. Lavoiſier as of 
other chemiſts, although they have conſidered this 
reſiduum of phlogiſticated air, according to their 
peculiar prejudices, as being anteriorly contained 
in vital air. Mr. Wieglib poured into a phaal, 
containing 9 ounces of pure vital air obtained from 
manganeſe; he poured, I ſay, therein 4 ounces of 
a concentrated diffolution of liver of ſulphur; the 
vital air then occupied a ſpace of 5 ounces ; fifteen 
days'afterwards the phial was opened under water, 
and the water on entering filled the whole phial, 
except a ſmall ſpace of about three grains and a 
half in capacity. Now if the vital air had been 
| | _ abſorbed, 
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abſorbed, there ſhould have been a perfect vacuum; 
but this was not the caſe, the ſmall reſiduum was 
phlogiſticated air. This experiment was repeated, 
but always attended with the ſame ſucceſs. 

6. Of inflammable air produced by the combi na- 
tion of water with the inflammable principle. _ 
Mr. Lavoiſier, and the friends of the French 
ſyſtem, think that ſome ſolid matter is neceſſary 
for the formation of inflammable air, that this 
matter acquires it's elaſticity by fire, and is one of 
the conſtituent or component parts of water. Mr. 
Wieglib conſiders fire as one of the conſtituent 
parts of this air, founding his opinion on Mr. La- 
voiſier's own experiments. 
hy letting a copper tube 5 or 6 feet long, 
filled either with iron wire bent ſpirally, or elſe 
with charcoal, paſs through a violent charcoal fire, 
introducing at the ſame time the point of a ſmall 
glaſs alembic, which was filled with water, into the 
upper part of the tube, fo that the vapour of the 
water paſſed through the tube, the lower end of 
which was immerſed in a phial filled with water, 
inflammable air was produced. If charcoal be 
employed, a good deal of fixed air is obtained at 
the ſame time, the iron contained in the tube is 
calcined, or iff charcoal 1 is uſed, it is changed into 
Ahes. 
NM. Wieglib thus explains the above-men- 
tioned phenomenon, the water in paſſing through 
the tube combines with the fire, and is changed 
Into vapour, which combining alſo with the in- 
flammable principle of the iron, is thereby changed 
into inflammable air. Other experiments may be 
adduced. to prove the ſame point. 

7. The combination of the inflammable principle 
with phoſphoric acid e e with the 
vitriolic ſulpbur. 

Whatever notions we now poſſeſs of the com- 

poſition 
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oſit ion of natural or artificial bodies, we are in- 
debted for them to an analyſis; phoſphorus and 
ſulphur were known before their conſtituent parts 
were diſcovered. The obſervation that phoſphorus 
ſhines when expoſed to the air, naturally led to the 
idea, that this luminous body contained an inflam- 

mable matter, which diffuſed itſelf in the air in 
the form of a luminous vapour. By purſuing this 
idea further, Homberg and Margraf found that 
this inflammable matter contained alſo an acid of a 
particular kind. From a knowledge of theſe two 
principles, later chemiſts have been able to form 

hoſphorus, by combining this particular acid 
with the inflammable principle. 

It was the ſame with ſulphur, whoſe conſti- 
tuent principles were placed in the cleareſt point of 
view by the juſtly celebrated Stahl, 

8. That charcoal is compoſed of tbe inflammable 
principle and fixed air. | 

Mr. Wieglib, before he- explains his own. 
propoſition, gives an account of Mr, Lavoiſier's 
notions concerning the peculiar principle of char- 
coal, carbonne, and the inflammable principle It 
contains. 

Mr. Lavoifier conſiders common. 'chatcoal as 
compoſed of carbonne, inflammable air, earth, and 
ſalt. In expoſing charcoal to a great fire in cloſe 
veſſels, Mr. L. obtained a ſmall. quantity of inflam- 
mable air; but as theſe coals expoſed fer a longer 
time to the ſame degree of fire, exhibited no change 
of aſpect, he conceived that by this operation he 
had eparated all the inflammable air. From this 
experiment Mr. L. conſiders the reſiduum as car- 
bonne, a ſubſtance abſolutely ſimple, without 
proving the ſimplicity thereof. 

Mr. Wieglib ſhews, that charcoal is 3 com- 
r conſiſting, 

1. Of the inflammable principle, | 
Vor. I. L1 2. Of 
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Fi Of fixed air. 


3. Of terreſtrial 
4. Of ſaline V particles 


The two laſt are contained in the aſhes, and 
are only acceſſory, depending on the vegetables of 


which it is made, ſo that ſometimes none of theſe 
particles are to be found.. 


Mr. Lavoiſier's theory conſiſts in conſidering 
his carbonne as a ſimple ſubſtance; and ſuppoſing 
in all the experiments (where there is a decompo- 
ſition of charcoal) that the fixed air emaning there. 
from, is a new compound. This error he has been 


led into, from not obſerving that charcoal is not 


decompoſed when acted upon in cloſe veſſels ; for 
in this caſe there is a diminution of the maſs of air, 
and the reſiduum is fixed air. Mr. W. ſhews, that 


the air is always diminiſhed when the inflammable 
principle combines with vital air; but as this, 


when it quits the charcoal, eſcapes into the air, 
the fixed air, diſengaged by the ſame operation, 


naturally follows. 
Fixed air has often miſled the moſt able che- 
miſts, when they have endeavoured to prove it's 


exiſtence; but on quitting the idea of it's artificial 
compoſition, which is far from being proved, we 
may always obtain every - neceſſary knowledge. 


Scheele, whoſe abilities are univerſally acknow- 
ledged, is one who was thus miſled,. and we find 


him ſometimes thinking he had formed this acrial ; 
acid (fixed air), ſometimes that he had ſimply ſe- 
parated it. Scheele obtained fixed and inflammable 


air by expoſing powdered charcoal to fire. By 
expoſing alſo to a naked fire fixed cauſtic alkali 
mixed and ground with charcoal, in a glaſs alembic, 
uſing the e Ri apparatus, you obtain a great 
quantity 0 


it's cauſtic nature, and will efferveſce with acids, 
| and 1 is conſequently loaded with fixed air, In this 
55 experiment 9 705 


inflammable air; the reſiduum has loſt 
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experiment the inflammable principle i is ſeparated 
under the form of inflammable air, while the fixed 
air is combined with the fixed alkali. | 

By expoſing to an open fire a mixture of li- 
tharge and powdered charcoal, contained ina glaſs 
alembic ſolidly luted, we obtain, by means of the 


_ pneumatic apparatus, fixed air, and the Iitharge | 


remaining in the alembic of glaſs is revivified; and 
in this experiment the fixed air is evidently pro- 
duced from the charcoal, while the inflammable 

rinciple combining with the calx of lead, reſtores 
it's metallic form. The ſame reſult is obtained by 
diſtilling filings of zinc with fixed cauſtic alkali, 


ſhewing further the ſtrong affinity between the 
inflammable principle of charcoal and that of me- 


tal. On obſerving alone the great quantity of fixed 


air procured by diſtilling dried wood, one would 


naturally conclude, that this principle n to be 
found in charcoal. 

9. The component principles of vital air are 
abſolutely unknown. © | 


No one has hitherto diſcovered the method of -.- 


compounding, or forming from principles, vital 
air. Mr. Wieglib invites thoſe of a contrary opi- 
nion to the proof. Lavdifier himſelf ſeems to 


think his proofs of (a pretended) oxigene combined 


with fire or light, as forming vital air, inſufficient. 
In all the experiments Where we fihd this air, 


it proceeds from the decompoſition of bodies, of 


which it was a conſtituent part: it appears, there 
fore, to be of an appropriate nature, and to be a 
conſtituent. part of certain bodies: it may, — 
be found in ſome acids, as is proved from the | 
nitrous acid; but we ought not thence to give it 
the name of oxigene (acidifying principle), a name' 
5 might with greater n be attributed to. 
e. 
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10. Fixed air cannot be produced by an arti. 
cial combination. 

This propoſition is directly contrary to the 
obſervation of Mr. Lavoiſier, and the chemiſts who 
follow his ſyſtem, and if eſtabliſhed will overthrow 
it entirely: for if the fixed air that Mr. Lavoiſier 
obtained is not produced (productum) by the com- 
bination, but only ſeparated (eductum), the new 

fyſtem falls to the ground, and their famous ox:- 
gene will turn out to be as chimerical as their 
litical theories. 

The propoſition before us has been ſufficiently 
ge by a ſeries of experiments, publiſhed by 

r. Green, in 1786,* and which have not been 
refuted by Mr. Lavoiſier, or any of the advocates 
of the French chemiſtry. Mr. Wieglib repeated 
the experiments of Mr, Green, and was pevtectly 
convinced of their accuracy. | 

Of theſe we ſhall now quote ſome of, the moſt 
remarkable. In the fourth and eighth of Mr. 
Green's experiments, he burnt ſome phoſphorus 
under a receiver filled with atmoſpherical air kept 
under water, and obtained an acid water which 
precipitated lime from lime- water, but contained 
no fixed air. Though Mr. Lavoiſier conſiders 
phoſphorus (without proof, however,) as a ſimple 
body, it is more probable you ſee that it contains 
an inflammable principle. If Mr. Lavoiſier's 
aſſertion had been well founded, phoſphorus ought 
inthisexperiment of Mr. Green's to have produced, 
with the particles of vital air, fixed air; but as 
neither Mr. Green nor Wieglib could obtain this 

air, we may conſider the French opinion as deſ- 
titute of foundation; the lime is precipitated in 
this experiment by the phoſphoric acid —_ 

by the combuſtion. ü 
n 


* Obſery, et Exper, circa geneſin zeris * et phlogiſt. Hallæ, 
1786, in 40. 
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In his eleventh and thirteenth experiment, Mr. 

Green. burnt phoſphorus, which was reduced in 
mall pieces; in eight cubic inches of the pureſt 
vital air, after the combuſtion, there remained three 
eighths of a cubic inch of phlogiſticated air, and 
the water contained no fixed air. Theſe ra, a 
ments prove the fifth propoſition. 
I.!n the nineteenth; twentieth, twenty-firſt, and 
twenty=ſecond, Mr. Green could not obtain fixed 
air by burning ſulphur in atmoſpheric air. | 
In the twenty-fourth and twenty-fifth, Mr. 
Green proves that freſh prepared calx of lead con- 
tains neither vital nor fixed air. 

Regulus of antimony, lead, Zinc, ſulphur, &c. 
exploded with nitre, produced no fixed air. 

Vital and inflammable airs burnt together, 
gave no fixed air, which ought to have been the 


caſe if there was any foundation for Mr, rant 8 


ſyſtem. | 

Mr. Lavoiſier's errors have been in a great 
meaſure occaſioned by conſidering charcoal as a 
ſimple principle, without giving ſufficient proofs 
for this opinion, Mr. Wieglib has ſhewn, that it 


muſt be conſidered as compound, and that in all 


the experiments where Mr. Lavoifier obtained-fixed 
air, it was ſeparated from the charcoal he uſed. 

It has been faid, that there is no direct ex- 
periment to prove that fixed air is compoſed of pure 
air and phlogiſton, and that unleſs this is properly 
ſupported, the preſence of phlogiſton in metals, in 
ſulphur, and in nitrous air, muſt be given up.“ 
This reaſoning is founded on a falſe principle, 
which ſeeks to combine fixed air with Tubſtances 
that only contain pure phlogiſton ; but what proofs 
have we that fixed air is a compound. If theſe 
reaſoners had conſulted the operations in nature, it 
would Ceroplnny have convinced them, that by a com- 

bination 
L1 3 
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. bination of vital air with phlogiſton we never obtain 
Ned air. 9212 7 h | 
Mr. Wieglib, having proved the foregoing 

- propoſitions, invites chemiſts to examine whether 
the ſyſtem. of Stahl, as now improved, is not con- 
formable to truth? whether the experiments de- 

duced from it are not more ſimple, more palpable, 
and more eaſy to explain; than by Mr. Lavoiſier's 
new theory? He afterwards points out the ſources 
that have led Mr. Lavoiſier into error; traces the 
ſteps that have gradually conducted him to his pre- 
ſent theory. But views of this part of his paper 
would lead farther than the nature of theſe Lectures 
nee yin 
Thus 1 think you have ſeen that the inflam- 
mable principle ſtill holds it's ground, and cannot 
-be rejected, as the French have imagined, from 
the philoſophy of nature. You are not & to expect 
that any one can preſent you with a handful of this 
principle, ſeparated from 'an inflammable body ; 
you might juſt as reaſonably demand a handful of 
magnetiſm, or gravity, &c. to be extracted from a 
magnetic or gravitating body. There are powers 
in nature which cannot otherwiſe-become the objects 
of ſenſe, than by the effects they produce; and of 
this kind is the inflammable principle or phlo- 
. . 
Wherever we turn, we find every operation in 
nature bearing teſtimony to the exiſtence of fire 
and light in various forms, and giving us evidence 
of their inceſſant active energy. By their various 
modifications they are the principal inſtruments in 
conſtituting the peculiar and diſtinguiſhing pro- 
perties of bodies. To their phlogiſtic principle 
metals owe their ſplendor, ductility, and elaſticity. 
It abounds in vegetables; their colour, taſte, and 
ſmell depend thereon. Though contracted views 
of the. laws of nature have diſtinguiſhed this active 
aha principle 
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principle by as many names as energies, yet is 
there great reaſon for concluding, that it is the 
ſame agent which we at one time contemplate in 
the form of concentrated light, tearing aſunder the 
denſeſt adamant, and at another rending the clouds, 
and threatening with reſiſtleſs deſtruction the lofty 
oak and towered citadel. 

« There is hardly a body in nature in which 
this principle does not enter. Whether we caſt 
our eyes on. the furniture of our houſes, or look 
abroad upon: the trees in the foreſt, the beaſts in 
the field, the fiſh in the ſea, the ſea itſelf, or the 
mineral ſtrata in the bowels of the earth, this prin- 
ciple perpetually obtrudes itſelf on the eye of the 
philoſopher.” 

There is hardly an object in nature but what 


conſiſts of it under different modi fications, or com- 


bined with different baſes. The reſtoration of the 
calces of metals to their metallic form, by a junc- 
tion with this principle, when obtained indifferently 


from almoſt every combuſtible body in nature, 


ſeems clearly to aſcertain the fact. It may, how- 
ever, be worth while to convey ſome further idea 
of this matter by analogy, comparing the junction 
of ꝓhlogiſton with ſuch a variety of bodies to that 


mephitic air, which is believed to be latent, or fixed 


in a block of marble.” 


« Previous to Dr. Hale” s and Dr. Black's dis | 


coveries reſpecting fixed air, it would have been as 
difficult to form any idea of ſuch latent or fixed 
air, as ſome now find it to conceive that a lump of 
wood, tallow, .bees-wax, or iron, contains a large 
quantity of what is with propriety denominated 
latent or fixed fire.“ | 
« As fixed air has the wonderful property O 
entering into the ſubſtance of a block of marbl 
or lime-ſtone, and of there 151 ing hid in ſuch a 
manner as to be totally inconceivable to the under- 
log L 1 4 ſtandings 


1320 Leerurns on NatuRAt. PurtosoPHy; 


ſtandings of mankind, abſolutely loſing every - 
pearance of air; ſo hath the ſolar ſubſtance the 
property of entering in a fimilar manner into the 


ſubſtance of a vaſt variety of the objects of nature, 


but more eſpecially into every metallic earth or 
calx; thereby giving it it's metallic form, and 
continuing intimately combined with it; ſo as, 


without the aid of ſome chemical or mechanical 


proceſs, to elude both our feelings and the detec- 
tion of the niceſt thermometer.” 

er As fixed air is capable of rendering the moſt 
cauſtic alkali or lime perfectly mild and hatmleſs 
to the touch or taſte, ſo hath fixed fire the property 
of rendering ſome of the moſt corroſive and poi- 
ſonous metals equally mild and harmleſs. There 
is hardly any, from the ſtrongeſt concentrated mi- 
neral acid to the weakeſt vegetable one, but what 


will expel fixed or mephitic air from alkaline ſub- 


ſtances, combining with them into a variety of 
neutral ſalts. Some of the ſtronger mineral acids, 


and probably the vegetable, if properly concen- 


trated, will alſo expel inflammable air from metal- 
lic  ſabſtances, with which they alſo combine, 
forming a variety of neutral ſalts. They who de- 
ny the exiſtence of phlogiſtan, may conſider this as 
merely a ſeparation of inflammable air from the 
different earthy or metallic baſes; but ſurely the 
inflammable air may with equal propriety be con- 
ſidered as the principle of inflammability, aſſu- 
ming, in conjunction with water, a new form, viz. 
that of air; for the higheſt concentrated acid, which 
we can uſe on theſe occaſions, contains a ſufficient 
uancity..of water to form, in conjunction. with 
phlogiſton or fixed fire, ſome proportion. of that 
elaſtic fluid which we call inflammable air,” 
« [f we attend ſtill more cloſely to this circum- 
ſtance, we ſhall be compelled to acknowledge that 


it is actually the caſe, for the moſt concentrated 
5 mineral 


I 
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mineral acid muſt part with it's water upon it's 
Ser uniting with thoſe of the ſolid metal. It 
ecomes then, in fact, a caſe of double elective 
attraction; the acid and the metallic earth unite, 
the water quits the acid, and unites with phlogiſton 
in the newly - formed aerial compound ; yet all the 
water cannot be diſpoſed of in this way, for a con- 
ſiderable portion of it enters into the metallic ſalt 
as it ſhoots into cryſtals, from which, by the ap- 
plication of a moderate heat, it may be expelled in 
it's pure ſtate, leaving the acid and metallic earth 
in the form of a ſaline powder.“ 1 | 
« The quantity of phlogiſton which is fixed in a 
pound of any metal will occupy an immenſe ſpace 
when expanded, in conjunction with water, in the 
form of inflammable air. The ſame thing may be 
obſerved of the mephitic vapour which riſes from 
alkaline ſalts, and abſorbent earths, when they are 
mixed with an acid in a ſolid form; for here no 
fixed air will riſe. This is owing to the want of 
water to combine with the mephitic acid in the 
form of fixed air ; for no ſooner 1s moiſture added, 
than the fixed air riſes copiouſly. And to this 
cauſe we ought alſo to aſcribe part of the loſs of 
weight, which was firſt obſerved by Dr. Black on 
the mixture of acids and abſorbent earths, or alka- 
line ſalts.““ | | 
« Fixed air, as an acid, neutraliſes, and renders 
mild, the moſt corroſive alkali or lime. Dr, 
Prieſtley hath conceived phlogiſton to be the prin- 
ciple of alkalinity; and accordingly, like ſomething 
alkaline, we obſerve it, from whatever ſubſtance 
obtained, to form a junction with the moſt corro- 
five mineral acids, and to rob them of their activity 
as ſuch: thus the muriatic acid, that has been 
once uſed in making the corroded preparations of 
anatomiſts, is ſo nearly neutraliſed, and rendered 
inert, that it will not repeatedly anſwer that pur- 


* 
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poſe. The ſtrongeſt vitriolic acid loſes it's cauſtic 


property in the ſame manner, but more ſtrikingly, 


by junction with oit, bees-wax, or tallow, which 
abound with phlogiſton. As fixed air may, by 
art, be ſeparated from marble and lime-ſtone, and 
may be made to appear evident to our ſenſes ; ſo 
may the moſt of this fixed fire be ſeparated, by art, 
rom the bodies which contain it, and become 
immediately obvious to our feelings, and to the 


detection of a Te" 


Gen bey ANcIENT WRITERS. 


It may be uſeful, and I think cannot be un- 
pleaſant, to lay before you the opinions of ancient 
writers upon the ſubjects we have hitherto diſ- 
cuſſed in our Lectures: they had the ſame opportu- 
nities that we have, and derived their knowledge 
of things from evidence and obſervation. How 
far they were capable of carrying their obſerva- 
tions, it will be difficult to ſhew with preciſion: 
much farther, however, than ſeems to be allowed 
by many modern writers, who conſider wiſdom as 
a child newly born. | 5 

There are innumerable appearances and ope- 
rations in nature, which are ſubjected to the eyes 
and ſenſes of men, though unaſſiſted by philoſophic 
apparatus; and as nature 1s conſiſtent with irſelf, 


from theſe we may form a judgment cancermipg 


their knowledge of phyſical principles. | 
The {kill of the ancients in mechanical arts 
is generally allowed, and monuments of it are ſtill _ 
remaining, which their ſons at this day would find 
it hard to exceed or even to imitate ; their know- 
ledge i in goametry and mathematics is the founda- 
: tion 
* Medical Spectator, No. 12. , 
+ For inſtances of the knowledge of the ancients, ſee Jones's 


Eſſay on the Firlt Principles of Philoſophy, See alſo Duten's 
Enquiry, 
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tion of our own, and perhaps modern times can 


find none ſuperior in theſe ſciences to Archimedes, 


. Euclid, and Apollonius. 
PLaTto, who was the head and Anais of the 


Academics, and who was without doubt the greateſt 


and moſt amiable philoſopher among the Greeks, 
aſſerts,, © that fire and heat beget and govern 
all things; where he deſcends to particulars, he 
accounts for the animal functions, from an inter- 
texture of air and fire acting throughout the whole 
frame of the body. To fire he aſcribes the office 
of expanding within, and acting through the body 
outwards; while the element of air compreſſes fro 

without, and counteracts the force of the em, 
fire. By the miniſtry of theſe cauſes, and the im- 


poſſibility of a vacuum, a perpetual circulation is, 


as it were, kept up through the motion of the Iungs 
in inſpiration and expiration, He imputes the 
effects, obſervable in amber and the loadſtone, in 
gravitating and projecting bodies, to the action of 


the ſame elements. For, in all theſe caſes, he ob- 


ſerves, there is really no ſuch thing as attraction ; 
but that the cauſes already aſſigned will be found, 


by thoſe who inquire diligently, to effect all theſe 


. wonders of nature by their reciprocal impulſes. 
In another place, ſpeaking of the mediation 
of elementary fire and light, he ſays, © Theſe are 


the /econdary and co-operating cauſes, which God 


makes uſe of as his miniſters for the finiſhing and 
perfecting of his work, Moſt men look upon theſe 


as primary cauſes of all things, inaſmuch as they 


occaſion heat and cold, can elfect the cobeſion and 
diſſolution of bodies, and perform all other things. 

In the Timæus, he ſhews, by ſtrong reaſons, 
that * it is neceſſary corporeal nature ſhould be 


_ viſible and tangible ; but that nothing can be vi- 


ſible without fire, or tangible without ſomething 


ſolid, and N ſolid without earth. Hence 


the 
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the Divinity compoſed the body of the univerſe 


from fire and earth; but it is impoſſible for two 


\ 


things alone to cohere together, without the in- 
tervention of a third; for a certain collective bond 
is neceſſary in the middle of the two.” * But 
folids are never harmonized together by one, but 


always by two mediums.” Hence the Divinity 


placed water and air in the middle of fire and 
earth, and fabricated them as much as poſſible in 


the ſame ratio to each other; ſo that fire might be 


To air, as air to water; and that as air is to water, 


ſo water might be to earth. * 
« Water, when it loſes it's fluidity by concre- 


Tion, appears to become ſtones and earth; but 


when liquified and diſperſed, it forms vapour and 


air. Likewiſe air, when burnt up, becomes fire. 


And, on the contrary, fire becoming concrete and 
extinct, paſſes again into the form of air,” &c. 
And thus it appears they mutually confer on 
each other generation in a certain circular pro- 
greſſion.“ Again, It is neceſſary to underſtand 
that there are many kinds of fire, as for inſtance, 
flame, and that which is kindled from flame, 
which burns indeed, but exhibits no light to the 
eyes, and which, when the flame is extinguiſhed, 
abides in the ignited nature.” Again, *“ This de- 

rture of fire we denominate refrigeration ; but 
the coalition which takes place when fire is abſent, 
we call a concretion and a cold rigidity.” * Fire 
entering into the void ſpaces of water, as water 
into thoſe of earth, influences water, in the ſame 
manner as fire influences air, and becomes the 
cauſes of liquifaction to a common body.” From 


theſe paſſages, which might be further illuſtrated 


and confirmed, we find that the ancients were not 
ignorant of latent fire, or it's operations, and that 


they | 


% 
yl See Taylor's, Tranſlation of the Cratylus, Tarmenices, and 


Timæus of Plato. 


| NATURE AND PROPERTIES or ELASTIC FLUIDS, Ko & 


they diſcovered, by obſervation and attention to 
firſt principles, the principles of mind, what mo- 


overwhelmed with doubts. 

The ancient Platoniſts divided nature into 
two parts, one of which was ative, the other paſ- 
Ave. They held it impoſſible for bodies to cohere, 


_ unleſs they were kept together by ſome force, and 


it was neceffary this force ſhould be exerted by 
ſome matter. In diſtinguiſhing the ſeveral uſes 
of the elements, they attributed to air and fire 5 
power of giving motion, and cauſing effects; 

earth and water, a paſſiveneſs or diſpoſition to 5 
ceive their impreſſion. Heat and cold, accord- 


ing to Ocellus Lucanus, the faculties of fire and 


air, are the cauſes and efficients ; the dryneſs and 

moiſture of the earth and water afford them ma- 
terials to work upon.“ 

Zeno, the leader of the Stoics, taught chat 

* nature was ſupported by an elementary fire dif- 

fuſed through all the parts of it; that there is no 

vacuity ; the univerſe being ſo completely united 


in itſelf, that there is a connection and harmony 


between things terreſtrial and celeſtial.” 


Hippocrates, whoſe ſentiments upon air 1 
have already communicated to you, ſpeaking of 


the element of fire, affirms, that it diſpoſes all 


things in the body, after a manner proper and ac- 


cording to the ſimilitude of the univerſe, ſo that 


ſmall things are like to great, and great to ſmall; 


that it is moſt powerful, has an univerſal domi- 
nion, and governs all things according to the order 
of nature; while itfelf is filent, imperceptible in 
it's operations, and in perpetual agitation.” This 
| T2 will diſcover to you the whole ſecret of 

Pagan idolatry. The corrupt philoſophers of 
the heathen world were well acquainted with the 
influence al. theſe elements over all other A 

an 


dern philoſophers have involved in obſcurity, and 


— OE 
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and being ignorant of the true and living God, 
judged it impoſſible that air and fire cqu]}d perform 
Ick wonders unleſs they were divine, and there- 
fore worſhipped them univerſally as immortal and 
intelligent, Thus alſo the Chaldæans filled all 
ſpace with air, and what they called an all-nou- 
riſhin æther, to which they joined an intelligent 
and life-giving fire. 7 
The preceding Lectures have ſhewn you. in 
what manner theſe inviſible agents, which were 
deified by the ancients, are vie by Divine Pro- 
VIDENCE for carrying on the operations in nature: 
you have ſeen what great effects are produced there- 
in by the action of the elements on one another. 
Their nature, properties, powers, and effects, are 
the genuine objects of hy/i zological inquiry, and 
open ſo large à fund of entertainment and im- 
provement, that the ſagacity of a Newton, if he 
were to live for a thouſand years, would never be 
able to exhauſt, Already the knowledge of the 
natural agency of the elements has been produc- 
tive of conſiderable improvements in arts and ma- 
nufactures. Indeed, no axtificer can purſue his 
craft without ſeeing how neceſlary. the elements 
are to aſſiſt him in his works, and how -inſufficient 
manual labour would be without their concur. 
rence, Great things have been already performed, 
and much more may be effected when they are 
farther underſtood and applied. 1: is a capital 
diſtinction between natural and artificial operations, 
that nature penetrates, while art flops at the ſurface... 
Hence, if you would work as nature works, you muſt 
uſe the agents which nature uſes,* , Sy 
You muſt alſo have obſerved, that in. attain. 
..ing one ſubject of knowledge, you acquired an 
imperfe& information of others, concerning which 
you had no idea before, Hence one doubt 1s 85 
dom 


Jones's Ppyliological Diſ quilitions, 
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dom ſolved without creating others. In your pro- 
greſs through ſcience, you will often clearly ap⸗ 
prehend what remains a myſtery to others; while, 
on the other hand, you will be Involved | in diffi- 
culties they cannot diſcern. a : 
It has been well obſerved by Dr. Prieſtley, 
that no philoſophical inveſtigation can be ſaid to 
be completed, which leaves any thing unknown 
and dubious on the mind. But ſuch is the neceſ- 
ſary connection of all things in the ſyſtem of na- 
ture, that every diſcovery brings to our view new 
objects of diſquiſition and inquiry. The greater 
the circle of light, the more extenſive 1s. the boun= 
dary of darkneſs. 

As the. Divine nature 7 the D works }. 
are infinite, you may promiſe yourſelves an end- 
leſs progreſs in the inveſtigation ; for the volume 
of the univerſe 1 is perfect as it's author, and con- 
tains mines of 1 for ever opening, fountains of 
good for ever flowing, or an endleſs ſucceſſion of 
brighter and more perfect exhibition of the power 
and wiſdom of our great and glorious God.“ But 
ſuch being the volume of the univerſe, 'and ſuch 
it's author, do not preſume to judge thereof, with 
equal folly and raſhneſs, from a ſingle page exhi- 
bited to you, or to ſuppoſe that a little knowledge 
of philoſophy, or the management of a philoſo- 
phical apparatus, can ever prove detrimental to 
religion, or injurious to our eſtabliſhed church ; 
ſuch 1s not the language of piety and learning, but 
the vapouring ſpirit of vanity, and the deluſive 
dictates of a ſelf- created importance. You muſt 
well know, without any information from me, that 
the ableſt advocates for free inquiry, and the 
eee promoters of experimental philoſophy, 

ave been and are members of that church, which 
has been lately 010 to tremble at an air-pump, or 
* an 

* Hunter's Sermons on Divine Providence, 
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an electrical machine. Notwithſtanding the ſelfiſh 
and party view with which men too often culti- 
vate the fields of ſcience, you may ſtill diſcover, 
in every inſtance of it's progreſs, fome of the ſteps 
of that vaſt plan of Divine Providence, to which 
all things are converging ; namely, the bringing 
all his creatures to a ſtate of truth, goodneſs, and 
conſequent happineſs; an end worthy of the beſt 
and wiſeſt beings, and 2 we may perceive to 
be gradually effectin - "hy y the advancement of 

knowledge, the diffuſion 51 liberty, and the re- 
moval of error, that truth and virtue may at laſt 
ſhine forth in all the beauty of their native colours. 
Eternal love, ſlow as it may ſeem in it's ſteps ta 
us of mortal race, is unwearied in it's motions, 
and inexhauſted in it's diſtributions ; and as it can 
never ceaſe to ſhine, it ſhauld never fail to ani- 
mate you with it's preſent influence, and the ſub- 
lime andglorious proſpect of it's W ſtrength 
and e s 
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Fei i, plate 1, is 4 perſpektive view of a double. Barrelled 
air pump, according to the conſtruction of the Rev. Mr. 
Prince, of Maſſachuſet's States, America. The peculiar advan- 
tages and properties of this conſtruction have been already ex- 
plained in the appendix to Lecture III. The e p of the 
air- pump have alſo been, I hope; ſufficiently elucidated in the 
Lectures on Air, ſo that I have here only to deſcribe the appa- 
ratus delineated in the ſeveral plates of this volume: of theſe, 
the air-pump is certainly a moſt important inſtrument, not only 
from the entertainment it affords, but alſo for the light it throws 
upon this branch of ſcience; This figure repreſents the air-pump 
with a receiver on the plate, and barometer gage, as nt for 
iſe; A, A are two bra s barrels in which the — move; the 
barrels communicate with the receiver, placed on the plate of 
the pump by means of the Pipe B, C, — canal D, E; the ſtems 
or rods of the piſtons are ſeen at F, G; each of: theſe is con- 
vected with a rack; that is, a piece having teeth on one fide, 
At I there id a wheel, A teeth take into thoſe of the 
rack; ſo that by turning the handle H, fixed to the axis 
of this wheel, one way or the other, the racks, and of courſe 
the piſtons connected with them, are alternately raiſed 
and depreſſed, by which means the air will be exhaufted out of 
the receiver K, L, the tube B, C, and the canal D, E, which as 
they communicate with each other, may all be conſidered as one 
veſſel. At the top of each barrel is a plate; on which is a box 
m, n, containing a collar of leathers ; through this the eylindri- 
cal part of the piſton rod moves, air tight; o, o is the place of 
the valve on the top plate, into which a pipe is foldered that 
conveys the air from the valves to the du going under the valve 
pump. P repreſents the valve-pump, deſigned to prevent the 
preflure of the atmoſphere from acting on the valve on the top- 
plate. Q is the piſton-rod of this pump, R the handle by which 
it is worked, V is a cock to cut off occaſionally the communi- 
cation between the receiver and the working parts of the pump. 
Mme . There 
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There is a ſcrew at S, which cloſes the orifice of the canal D E: 
by unſcrewing this the air may be admitted when required. Z. 
is an dil - veſſel to receive the oil driven over by the action of 
the pump. It may be proper to obſerve here, that there ſhould 
always be a ſmall quantity of oil in the cups of the boxes m, n, 
that hold the collar of leathers through which the piſton rod 
moves: abc is the barometer gage; de the box or ciſtern con- 
taining the mercury; there is a divided box ſcale affixed to the 
tube to aſcertain the riſe or fall of the mercury; a ſmall ivory 
tube encompaſſes the lower end of the glaſs tube, and floats 
upon the quickſilver in the ciſtern ; the upper end of this is 
always bs brought to coincide with the lower diviſion of the 
box ſcale; this it is made to do by the ſcrew underneath the 
ciſtern: when it thus coincides, the diviſions on the ſcale give 
the true diſtance from the ſurface of the mercury in the baſon. 
F is a key for tightening or looſening the ſcrews of the 
: Havig already in the appendix to Lecture III explained 
the principles on which this pump acts, I have only to obſerve 
Here, that as when either piſton is down, there is a free com- 
-munication from the receiver through the tubes and canal to the 
-part of the barrel above the piſton ; when the piſton riſes, it 
3 out all the air above it through the valve in the top plate; 
and as this valve prevents the air from returning into the barrel, 
when the piſton deſcends, a vacuum is ſormed between it and 
the under ſurface of the top plate; as ſoon, therefore, as the 
piſton has deſcended below the holes communicating (by the 
tubes and pipe) with the receiver, the air ruſhes therefrom into 
the . barrel; on the next aſcent of the piſton this air is 
forced out as before. To prevent the piſton from meeting any 
reſiſtance in it's deſcent, there is a valve therein to allow the 
air to paſs through as the piſton deſcends, but the air does not 
neceſſarily depend upon a paſſage through the piſton in order to 
get into the barrel. By this means the piſton deſcends as eaſily 
as in any other conſtruction, while the valve therein does not 
impede the rarifaction. The valve- pump is, as has been before 
obierved, uſed to take off the preſſure of the atmoſphere from 
the valve on the top plate of the pump, and form a more per- 
fect vacuum between this plate and the piſton, that nothing may 
prevent this inſtrument from exhauſting as far as it's expanſive 
power will permit. 125 1 | 
The barometer gage abc, which is uſed to meaſure the ex- 
- hauſtion of the receiver, conſiſts of a tube (divided by a ſcale 
annexed to it, of inches, and fractional parts of an inch), whoſe 
higher orifice communicates with the receiver, the lower is im- 
merſed in a ciſtern of mercury. | 
Before any exhauſtion has taken place, the mercury in the 


tube and ciſtern is upon the ſame level; and, after any — 
: 8 or 
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of turns of the pump, the air in the receiver and tube is equally 
rarified, and the mercury will aſcend ir: the tube till the weight 
of the column above the ſurface of the mercury in the ciſtern, 
and the elaſticity of the air in the receiver, taken together, be 
equivalent to the weight of the atmoſphere; and if the altitude 
of the column is equal to the ſtandard altitude, the vacuum in 
the receiver, and that above the mercury in the barometer, are 
the ſame. | be FRI | 

Fig. 11, plate 1, is a ſyphon-gage, which is occaſionally 
ſubſtituted for the barometer-gage. Fig. 12, plate 1, is the pear 
gage, deſcribed p. 116, | | | 

Fig. 4, 5, 6, 7, 8, are different kinds of valves. In fig. 4, 
the hole is covered with a piece of oiled ſilk, which is confined 
looſely to the top of the plate, ſo as to be opened eaſily by the 
air acting from beneath; fig. 5, a hemiſphere of braſs, fitting a 
concave hemiſphere; this has been occaſionally applied in pump 
work; fig. 6, a conical valve, this has been applied to the air- 
pump; fig. 7, is a flat piece of braſs lying over the holes, 
through which the water is to paſs; it is preſerved in it's poſi- 
tion by the two ſide pieces, or ears g, bh, through which the 
pins i k paſs; fig. 8, is the common water-valve, conſiſting of 4 
Plate arid leather hinge, | 55 

Fig. 2, plate 1, gives us a view of the common tale air- pump; 
A, A, are the two barrels of braſs; theſe are firmly retained in 
a perpendicular fituation to the ſquare wooden table EFG H, by 
the tranſverſe beam J, T, which 1s preſſed upon them by the 
ſcrews O, O, at the top of the two pillars N, N;: from the hole 
in the center of the pump-plate, there is a perforation or canal 
in the braſs piece D to the fore part K, where a ſcrew is fixed 
to let in air occaſionally; from the above-mentioned canal 

there is a perforation at right angles to the former, going to the 
center of the baſis of each barrel; at each of theſe centers a valve 
is placed opening upwards to admit the air into the barrels; 
there is a piſton, ſo fitted to each barrel, that the air cannot paſs 
between it and the ſides of the barrel; to each piſton there is a 
valve opening upwards, that the air in the lower part of the 
barrel may eſcape through them into the common air; they are 
alſo connected to a rack, and are raiſed or depreſſed by a handle, 
the lower part of which is fixed to the axis of a cog wheel, 
whole week take into the rack; one piſton is raiſed, and the other 
depreſſed, by the ſame turn of the handle. | | 
Two barrels are advantageous, not only as performing the 
work quicker, but alſa becauſe the -weight of the atmoſphere, 
preſſing upon the riſing piſton, is counter-ballanced by the ſame 
weight preſſing upon the other piſton deſcending. 

I have ſhewn you in the Lectures on Air, that the operation 
of air depends on the elaſticity thereof, When either of the 
piſtons is drawn upwards, a vacuum is left behind it, and the 
1 | |  Mmg preſſure 
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preſſure being thus removed from the valve in the bottom. of 
the barrels, this valve will be opened by the elaſticity of the 
air in the receiver, and the air, ruſhing through it, will be uni- 
formly diffuſed through the receiver, the canal connecting this 
with the lower valve and through the barrel. But upon de- 
preſſing the piſton, the valve at the bottom of the barrel will be 
cloſed, and the air therein being condenſed, will open the 
valve in the piſton and eſcape; thus the air contained in the 
barrel is diſcharged. and. by every turn of the winch, a quan- 
tiry of air equal to the contents of the barrel, and equally denſe 
with that in the receivers, is exhauſted. . Pet 

Behind the large receiver LM there is a ſmall plate for 
ſuſtaining a ſmall receiver PO; from the hole at the center of 
this plate there 1s a canal communicating with that which goes 
from the large receiver to the barrels; under the receiver 1s a 
imall bottle containing mercury, a ſmall tube filled with mer- 
cury, and freed from air, and inverted with the open end in 
the mercury: this is called the ſhort barometer-gage. As the air 
is taken out of the receiver PO, at the ſame time as it is taken 
from the larger one LM, the deſcent of the mercury in the tube 
will point out the degree of rarifaftion in the receivers; the 
mercury does not begin to deſcend in this tube till near three- 
fourths ofthe air have been extracted; and the air is ſaid to be as 
many times rarer than the atmoſphere as the column of mercury, 
ſuſtained in this tube, is leſs than the height; the mercury ſtands 
at that time in a common barometer. GETS oo 

Fig. g, plate 1, is a ſmall pump with a fingle barrel, and 
two plates, one for receivers, the other for a ſhort barometer- 
gage. This pump a&s upon the ſame principle as the one laſt 
deſcribed, and is conſtructed in the ſame manner, excepting that, 
it has only one barrel, and that the pom is moved merely by 
the hand; a deſcription thereof, muſt, be ſuperfluous. 

Fig. 16, plate 1, repreſents a piate with a box, containing a 
collar of leathers, and a- wire adapted to ſlide through this 
collar. | i | 
I have ſhewn, p. 121, that when accuracy is required, the 
receiver ſhould not be placed upon leather, either oiled or 
ſoaked in water. I would here add, that in all caſes it is bettex 
to rub the edge of the receiver with a tallow candle, letting the 
tallow be nearly as thick as a ſhilling thereon, I think, that 
upon the whole, this method is leſs dirty and diſagreeable than 
that of uſing oiled leathers; for it is eaſy, on removing the re- 
ceivers, to place them on a ſheet of paper till they have beep 
cleared. | | : 1 ä 
With reſpe& to the leathers uſed. to accommodate the re; 
ceivers to the plate of the pump, and, make the junction air- 
tight, they are either ſoaked in water or oil, or in a mixture of 


bees-wax and hog's lard, Either ſoaked leathers or tallow arg | 
OR” M 
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to be placed wherever a plate is fitted on a receiver, or in any 
caſe where two pieces are to be joined together and rendered 
air- tight. | | | 


EXPERIMENTS TO SHEW THE EXPANSIVE POWER QR 
| ELASTICITY OF THE AIR. 9 


| Take a bladder and preſs the air out of it, then tie the neck 
cloſe, and ſuſpend the bladder ynder a receiver, place the re- 
ceiver on the plate of the pump, exhauſt it, and the bladder 


will be expanded and blown up by the ſpring of the ſmall reſi- 


duum of air: on admitting the air, the bladder will ſhrink into it's 
former hape. A bladder thus expanded, after the air is with- 
drawn, is repreſented fig. 10, plate 1. 

Two experiments are generally made with the apparatus 
called a bolt-head and jar, fig. 18, plate 1; it conſiſts of a glaſs 
ball A, of about an inch diameter, with a ſtem fram g 4 
or 5 inches in length, and a {mall bottle or jar B, filled abou 
two thirds with water. | 

Place this apparatus on the pump, and cover it with a 
receiver, exhauſt the air, and the preſſure thereof will be re- 
moved from the ſurface of the water in the bottle; and the air in 
the bolt-head, having nothing to counteract it's exertions, ex- 
23 and eſcapes through the water in the form of large round 

ubbles of air. Let the air into the receiver, and it's preſſure 
on the ſurface of water will force this into the bolt-head, for as 
the greater part of the air was taken away, the fpring of the re- 
mainder was weakened; it therefore yields to the com- 

Yreſling force of the external air acting on the water, and ſuffers 
it to enter till it is fo far compreſſed as to be equally denſe with 
the external air, and capable of exerting the ſame degree of 
elaſticity, The bulk of this bubble of air, compared with, the 
bulk of the bolt-head, ſhews what portion of the whole quan- 
tity of air remained after exhauſtion, | 

Fill the bolt-head almoſt full of water, leaving only a very 
ſmall bubble of air; then inverting it, immerge the ſtem in the 
bottle of water, and place the whole under a receiver: on ex- 
hauſtion, the ſmall bubble of air will expand itſelf, and force all 
the water out of the bolt-head ; the preſfure of the air by which 


the water is retained in the bolt-head being removed, the ſpring 


of the air exerts itſelf, and expels all the water. 

| We have another inſtance. of the elaſtic force of the air, 
and it's action, when freed from incumbent preſſure, by the 

expanſion of the bubble contained in the great end of an egg 

between the ſkin and the ſhell 3 for on making a ſmall hole in 

the little end, and inverting it in a glaſs, the bubble of air will 

force out the contents of the egg through the ſmall hole in tha 
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Break off evenly about one third part of the ſhell at the 
ſmall end of an egg, and let out the white and yolk; you will 
then perceive at the bottom, the bubble of air that lies thor 
the ſkin and the ſhell; ſet the egg on a ſmall glaſs, place this 
upon the. plate of the pump, and a receiver over both; thery 
exbauſt the air, and the air in the ſhell will ſo expand itſelf as 
to raiſe up the ſkin, fill the ſhell, and make it reſemble an en- 
tire egg. This will ſucceed only when the egg is new, for the 
elaſticity is deſtroyed when the egg is ſtale, 

Take a ſmall ſquare glaſs bottle whoſe ſides are very thin, 
but whoſe mouth is ſo cloſed by a cork covered with wax, that 
no air from within can eſcape; put it under a receiver, and then 
exhauſt the air there from, and the ſpring of the air within, not 
being counteracted by any external force, will expand itſelf with 
ſuch force as to overcome the ſides, and burſt the bottle in pieces. 
In making this experiment, you ſhould place a piece of thick 

aper or leather on the plate of the pump, to prevent it's being 
1njured, fig. 2, plate g,. If the ſame experiment be made with 
the bottle and a cage over it, under water, the ſhock will be ſo 
great as to ſhake the whole pump. 3 

Fig. 13, plate 1, repreſents a glaſs veſſel, over one end of 
which a bladder has been tied ; it is placed on the plate of the 
pump with a receiver over it; when the air is drawn out of the 
receiver, the ſpring of that included in the veſlels ſtretches the 
bladder fo as to burſt it in pieces. The bladder uſed in this ex- 

eriment ſhould be thin. | 

Plate 2, fig. 6, is a number of heavy leaden weights, kept 
ſteady by means of a braſs frame with three pillars ; they preſs. 
upon abladder half blown, and placed under them; this 1 
is to be put on the pump with a receiver over it; on exhauſting 
the air, the expanſion of that in the bladder gradually raiſes the 
weights; on admitting the air, the bladder ſhrinks, and the 
weights deſcend to their original ſituation. Z 


ON THE SPRING OF THE AIR IN THE POREs OF BODIES, 


Place a ſhrivelled apple on the plate of the pump, ſet a re- 
ceiver over it, and exhauſt the air; this will give liberty to that 
which is within the pores of the apple to expand, and ſwell out 
the ſkin, removing it's ſhrivelled appearance: on letting in the 
air, it reaſſumes it's former {tate of decay. 5 

Fix ſome lead to a piece of cork, ſo as juſt to ſink it in 
water; when this is placed under an exhauſted receiver, the air 
in the pores of the cork expands ſo as to ſwell it, and thus render 
it lighter than water, and it conſequently riſes to the top and 
ſwims: on the re- admiſſion of the external air, the cork is preſ- 
ſed down and ſinks again; the globules of air that ſtand upon 
the ſurface of the cork afford a pleaſing fight, they appear Ike 

8 the 
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the pearly drops of dew-on the piles of graſs ; they diſappear on 
letting in the air. TY 

Put ſome beer or ale into a tumbler, and place it under a 
receiver on the plate of the pump; in working the inſtrument, 
the air in the beer will expand itſelf, and riſe up to the top of 
the jar in a large white head of froth: this frothy appearance is 
occaſioned by the tenacity of the fluid, which prevents the 
bubbles of air from eſcaping as ſoon as they riſe; when the air 
is re- admitted, the air-bubbles contract and ſubſide, On taſting 
the beer, you will find it has loſt all it's ſpirit. N 

In the ſame manner, if warm water be placed under a 
receiver, on. exhauſting the air an ebullition will take place; 
{mall air-bubbles will firſt riſe ; theſe will ſoon be ſucceeded by 
larger ones, moving with ſuch rapidity as to agitate the water, 
and give it all the appearance of boiling. | 

If you put an egg into a tumbler of water under a receiver, 
on exhauſtion, you will ſee the air in a very beautiful manner 
riſe in ſmall jets through the water from the pores of the egg. 
The ſame appearances may be pleaſingly obſerved with other 
ſubſtances, as moſt vegetables, or. a piece of wood of any ſort, 
| when immerſed in a jar of water under a receiver. A | 

Fig. 8, plate 2, repreſents a fountain that is made to att by 
the ſpring of the included air. It conſiſts of a bottle partly 
filled with water, the upper part is occupied by the air which 
cannot eſcape, as the cover is air-tight; a glaſs tube, long enough 
to reach nearly to the bottom, is cemented to the braſs cover; 
there is a ſmall hole in the cover directly over the bore of the 
tube. This bottle is placed on the plate of the pump with a 
receiver over it. When the external preſſure is leſſened, the 
included air will ſo preſs on the ſurface of the water as to 
force it through the glaſs tube and hole in the cover, from 
whence it will riſe in a pleaſing jet of water. 8 

Fig. 7, plate 2, is another apparatus for the ſame experi- 
- ment; but here the water is prevented from falling on the pump 

eng by means of the glaſs cover ab; a ſmall hole is drilled in 

this cover to. permit the eſcape of the air. 
Fig. 2, plate 2, is a ſmall apparatus acting upon the ſame 
principles, and deſigned to illuſtrate the ſame phenomenon; 
the caſk is nearly filled with coloured water, on the top of the 
caſk is a head, from the mouth a glaſs tube proceeds, paſſing 
through the caſk, and terminating a ſmall diſtance from the 
bottom; there is another tube from the neck which proceeds 
downwards, and enters a ſmall way into the barrel; when this 
is placed under a receiver, and the air exhauſted, the ſpring of 
the air preſſing on the water, forces it up the tube through the 
mouth, from whence it deſcends by the other tube into the 
barrel. To render this more entertaining, a bladder is tied 
under the neck with only a ſmall quantity of air therein; this 
b. 1% ; ; 1 wh | : | | f : 18 
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is covered with a ſmall ſhirt; when the preſſure of the air ig 
removed, the bladder expands and ſwells out the ſhirt, Which, 
to an ordinary obſerver, ſeems occaſioned by the liquor drank 
by our Bacchus. | | | 5 
Fig. 11, plate g, is an apparatus deſigned to ſhew that the 
foring of the air acts with a force equal to the preſſure of the air, 
by rating a column of mercury to the ſame height. A is a 
bottle, nearly filled with quickfilver; BC a tube on which a 
{crew is cemented, to {crew into the top-part of the bottle, the 
lower part of the tube deſcending nearly to the bottom thereof; 
DF E is a receiver and large tube ta go over this apparatus, 
when the whole 1s placed on the pump-plate. You will per- 
ccive, in proportion as you exhauſt the air, that the mercury 
Lifes in the tube by the ſpring of the included air, till it attaing 
the ſame height as the mercury in the barometer; thus proving 
that the ſpring of the air operates with the ſame force as the 
preſſure, | ] | 
In the jar under the receiver, fig. 13, plate 2, are repre- 
ſented two hollow glaſs images, with ſmall balloons of glaſs over 
their heads: theſe are fo far filled with water as to make them 
fink therein; on exhauſting the atr, they rife to the top and ſwim; 
part of the balloon is occupied by air, which expands on the 


removal of the external preſſure, and drives out part of the 


water, by which means the images and ballcon are rendered 
lighter than the water, and riſe accordingly; on re. admitting | 
| the air, the water re-enters, and they fink as before, 

| In the ſame manner, a bladder neaily emptied of air, and 
funk by a ſmall weight to the bottom of a jar of water, will, 
upon exhauſtion, expand, become ſpecificaily lighter, rife to 
the top, and ſwim. . 

Fig. 9, plate 3, repreſents what is uſually, but very impro- 
perly, called the lungs-glaſs. A bladder, is tied round a ſmalt 
pipe from the cover; when this apparatus is Arg under a 
receiver, and the air partly withdrawn from the bladder through 
the bole at a, the ſpring of the ſurrounding air in the bottle, 
which cannot eſcape, compreſſes the bladder; when the air is 
let in, the bladder expands; and theſe motjons have been ſups. 
poled analogous to thaſè of the lungs „„ Sun 


EXPERIMENTS ON THE PRESSURE OF THE AIR, 


Place the braſs cone on the plate of the pump, and cover it 
with the hand, then exhauſh the air from it, and by this means 
the counter-ballance being remoyed from below, the air will preſs, 
upon the hand with avaſt weight and a conſiderable part of the, 

tm will be forced into the glaſs, and thus occaſion a ſenſation, 
of ſucking. Now as the other parts of the hand have a greater 


prefſurg 
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pre ſſure on them than that part which is under the receiver, and 
expoſed tothe vacuum, the fluids in the body will be driven to- 
wards the part under the glaſs, and cauſe this part to ſwell and 
be ſtretched out; but this is alſo increaſed by the elaſticity of the 
air contained in the fleſh, which will expand and diſtend the 
fleſh when the external preſſure is removed. | 

Place a receiver on the plate of the air-pump, exhauſt the 
air from it, and the receiver will be ſo preſſed down againſt the 

jate by the external air, that it will be exceedingly difficult to 
eparate it from the plate of the pump without re-admitting the 
air; this will not appear ſurprizing when we conſider that the 
glaſs is preſſed down with a force equal to as many times fifteen 
pounds as there are ſquare inches which are covered by the 
opening at the bottom of the receiver, 

To prove that the receiver is held down by the preſſure of 
the air on it's external ſurface, and not by any ſuction, in fig, 
27, plate 1, you have an apparatus repreſented, which is de- 
fgned to prove that the receivers, &c. are not confined to the 
pump- plate by ſuftion, but hy external preſſure, To effect this, 
the air 1s firſt exhauſted from the two receivers, you then let 
down the ſmall receiver upon the plate, by means of the wire 
paſſing through a collar of leathers, when it will be looſe and 
ea, 1emoved, but on letting the air in rapidly it falls upon the 
{mall receiver, and fixes it upon the plate. ö ö 
| Fig. 14, plate 1, is called the bladder-glaſs. A bladder is 

tied over the upper end, the under end is placed on the plate 
of the pump; by exhauſting the air, the ſpring of the internal 
air 1s weakened, the bladder, yielding to the external preſſure, 
puts on a concave figure, and this increaſes till the ſtre 
the bladder is overcome by the incumbent weight, 

burſts with a very great report. f 

Fig. 15, plate 1, repreſents a piece of thin flat window glaſs, 
placed upon a braſs cone, and ſet on the plate of the pump; 
on exhauſting the air, the glaſs will be broke to pieces, like the 
bladder in the preceding experiment. 

Pig. 2, plate g, ſhews the mode of breaking a thin ſquare 
glaſs bottle by the preſſure of the air; on the top of the boltle is 
a valve, that, when the air has been extracted, it may not return; 
the bottle is placed on the plate of the pump, over it is a wire 
cage; this is covered with a receiver; the air is firſt to be ex- 
haulted, and then ſuddenly admitted, when it's preſſure will 
break the bottle, reducing it inſtantly into very ſmall pieces. 

Fig. 20, plate 1, is Otto Guerick's hemiſpheres, one placed 
on the other; the joint is rendered air-tight by a wet leather 

laced between them, or by a luting of tallow ; the {crew A is to 
Lomas into the hole at the center of the pump-plate, and the 
ſtop- cock placed as repreſented in the figure, that there may be 
a free communication between the hemiſpheres and the oe: ; 
1 1 e — 
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the inſtruments; exhauſt the hemiſpheres; then turn the 
cock to ſhut out the communication with the open air; when it 
is taken off, unſcrew it from the pump, and you will find the 
hemiſpheres are preſſed together. with a very extraordinary 
force, a force equal to 15 lb. for every ſquare inch: this of 
courſe is more or leſs according to their diameter. To inveſti- 
gate this by experiment, you may make uſe of a ſtrong ſteel - 
yard, fee fig. 19, plate 1. It is uſual to ſtate the preſſure at 15lb. 
for a ſquare inch. If the diameter be four inches, the area is 


22.55 ſquare inches, which multiplied by 15, gives about 188 lb. 


The exhauſted hemiſpheres will fall aſunder of themſelves 

in vacuo. . | 
Fig. 9, plate 1, is a ſolid ſyringe, that is, one which has no 
hole at bottom ; a heavy leaden weight js fixed to the bottom 
of the ſyringe ; if the weight be drawn down in the open air, 
it will. be forcibly driven back by the upward preſſure of the 
air; but in vacuo, where this preſſure is removed, it will de- 


fcend. The handle of the piſton is to be ſuſpended from the 


hook belonging to the plate with a collar of leathers, 
Fig. 22, plate 1, repreſents the nary deſigned to ſhew, 


that water riſes in pumps by the preſſure of the air. The part 


A B, is the model of the working part of a common pump; at 
the lower part of this is a braſs plate to reſt upon the receiver 


CD; from the center of this plate there is a glaſs tube which 


deſcends into the jar of water when the model is worked; be- 
fore the air 1s exhauſted the water flows freely from the ſpout, 
but when the air is well extracted none can be obtained thereby. 
Fig. 21, plate 1, deſigns of the common and forcing-pump. 
Fig. 12, plate 2, repreſents what is called a transferer ; it 
is fixed to the pump-plate by means of the fcrew B. A re- 
ceiver is placed on the plate of the transferer, and may be ex- 
hauſted, by turning the cock C, ſo as to open the communication 


between it and the pump; when exhauſted, it may be removed 


- 


from the, pump by turning the cock at right angles to it's for- 
mer fituation, to prevent any communication with the open 
air when it is removed. To -tnake,- with this apparatus, 
an artificial fountain in vacuo by the preſſure of the air; place 
a tall receiver on the transferer, exhauſt it, and remove the 
transferer from the pump, ſcrew the pipe to the lower part of 
the transferer, immerge th's pipe in water, turn the cock, and 
the preſſure of the air will throw the water up into the receiver 
in the form of a fountain. | 5 

Io prove that the mercury in the barometer is ſuſtained, 
uſe the apparatus fig. 11, pl. 3, already deſcribed ; with this 
difference, that the ſmaller tube that enters into the bottle was 
open at top in the former caſe; but in this it is hermetically. 
ſealed ; there the tube was empty, here it is a barometer con- 
taining the mercury ſtanding in it at the proper height for the time; 


i s. 
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the lower end of the tube being immerged in the mercury in 
the bottle, place the apparatus on the pomp ; on exhauſting the 
air, the mercury will gradually deſcend till it is on a level with 
the mercury in the baſon ; for as the denſity of the air diminiſhes, 
the elaſticity decreaſes, and conſequently the force which ſup- 
ported the mercury decreaſes. On re-admitting the air, the 
mercury riſes to it's former height, | x #1 
Fig. 11, pl. 3, repreſents what is called the double transferer. 
This has been ſufficiently deſcribed in page 15. Screw the end 
of the pipe of the double transferers into the hole of the pump- 
late, and turn the three cocks, that the communication may 
1 opened between all the three pipes, E, F, D D, and the trunk; 
cover the plates with leathers which have holes at their centers, 
place a cloſe receiver upon one plate, then ſhut the communica- 
tion between the pipe F, by turning the cock, and exhauſt the 
receiver; then turn the cock d to ſhut out the communication 
with the air, and unſcrew the apparatus from the pump, and 
| ſcrew it on it's wooden foot; then put a receiver upon the other 
plate, this receiver will continue looſe on the plate as long as 
it keeps full of air, which it will do until the cock be turned 
again to open the communication between the pipes and through 
the tube; and then the air in the receiver having nothing to a& 
againſt it's ſpring, will flow until it is ſo divided between the 
receivers as to become of equal denſity in both, and they will be 
held down with equal forces to their plates by the incumbent 
preſſure of the atmoſphere; though each receiver will be kept 
_ down with only halt the force that preſſed upon the firſt, when 
it was exhauſted of air, becauſe it has now one half the common 
air which filled the other receiver, when it was ſet upon the 
Plate; and therefore a force equal to half the force of the ſpring 
of the common air, will act within the receivers againſt the 
whole preſſure of the atmoſphere on the outlide. 


MiscELLANEOUS EXPERIMENTS. 


Set a clean receiver upon the plate of the pump, and begin 
to exhauſt it; then hold a candle to the fide of the receiver op- 
poſite to your eye, ſeveral colours like a halo will appear about 
the candle; theſe colours are perceived at the beginning of the 
exhauſtion ; the appearance is occaſioned by the vapour which 
riſes from the wet leathers, and the refraction of the light through 
theſe vapours. | o 

Fig. 5, pl: g, repreſents the pipe for burnt air ; place this 
on the top of an open receiver, and exhauſt the. air as uſual; 
then place the end of the pipe in the middle of a charcoal fire, 
and open the cock ; the deleterious air from the charcoal will 
then paſs through the pipe into the receiver : remove the pipe 
from the receiver, and let a ſmall piece of wax taper down into 


it, which will immediately go out, 
Placa 
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Place a candle lighted under a tall receiver; on exhauſting 
| the air, the candle will go out, and the flame will aſcend to the 
receiver. 1 is 
The flame would be foon extinguiſhed in a cloſe receiver; 
though theair is not exhauſted. . | 
The ſmall apparatus; fig. 6, pl. 4, is th be placed on the top 
ofa tall receiver, and a red-hot iron laid on a ſtand upon the 
Pump plate; exhauſt the ait, and then let fall a few grains of 
i ge on the iron, where it will melt and diſſolve, but not 
flaſh and explode: the receiver ſhould be again exhauſted before 
any mote grains of powder are let down. 8 
A B, fig: 9, yu 2, is a ballarice, to one end of which is ſuſ- 
pended a piece of lead which is in equilibrio with a piece of cork 
at the other end of the beam: Place the beam and ſtaiid undet 
a receiver, and having exhauſted the air, the cork will prepon- 
derate; for as it's bulk is greater than that of the piete of lead, 
it muſt be more ſuſtained by the air: te-admit the air, and the 
equilibrium is reſtored} EE. 1 IE 
For as bodies which are immefged in fluids are known to 
loſe a part of their weight, equal to the weight of a quantity of 
the fluid of the ſame bulk with the immerged body, conſequent- 
ly bodies of different fpecific gravities, which are in equilibrio 
in air, will not be ſo ifi vacuo; for here they will gain that 
weight which they loſt in air, and the body of the greateſt bulk 
wilfpain the moſt; '- | 
Fig: 10, pl. 2, is a more elegant apparatus fot the fame 
purpoles _ ; | | 
Fig. io, pl. 3, repreſents the guinea and feather appa- 
ratus. | 
When the air is exhaufted from the recerver, turn the milled 
nut, and the piece of gold; and the feather which lay upon the 
piece underneath, will fall at the ſame inſtant, and deſcend in the 
fame time to the bottom. | Z 
| The eye of the obſerver fhould be fixed to the bottom of 
the receiver, to aſcertain accurately the coincidence of deſcent 
in the two bodies, 3 1 „ 
From this experiment it is inferred; that bodies are attracted 
towards the earth with forces which are in proportion to the 
2 of matter they contain, but not to their bulk; for if we 
uppoſe a guinea to contain 1000 times more matter than the 
Feather, it will require 1000 times more force than the feather 
to move it through the ſame ſpace in the ſame time. 1 a 
Put two or three ſmall pieces of phoſphorus in an equal 
but {mall quantity of a mixture of oil of vitriol, oil of tartar 
per deliquium, and oil of cloves; this mixture will flame in the 
open air, but is eaſily put out with a little water: it ſhines, boils, 
and flames in vacuo. | NES? 
| | Write 
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Write upon paper with ſolid phoſphorus, and then lay it on 
the plate of the pump with another piece of paper under it; 
place a receiver over theſe and 3 

will gradually brighten in a dark room, and throw up a lucid 


cloud to the top of the receiver. 


Fig. 15, pl. 2, is a comm̃on bell apparatus for ſhewing that ' 


air is a medium of ſoutid. Fig. 16, a more elegant apparatus for 
the ſame purpoſe, as it is ſet in action only by al 
wire that paſſes through the collar of leathers. | 
„ * fig. 11, illuſtrates the nature of echoes; See 
Page 178. | 4 | 
| Þ | Fis. 5, 6, 7, 8, 9, 10, plate 4, are deſigned to illuſtrate” the 
Motion of muſical ſtrings; See page 181. AE, 
= . 14, pl. 4, repreſents a ſyphon, Fig. 20, pl. 5 Tantalus's 
cup. 300 Page 9h 5. „ 
Fig. 2, pl. 4, is to explain the cauſe of intermitting ſprings. 
See page 96. Fig. 4, pl. 4, an apparatus for the ſamè purpoſe. 
Fig. 1, pl. 4, a bent tube to illuſtrate tlie laws of the air's 
Elaſticity, See page 51; | | | . 
ig. 3. pl. 4, for experiments on the rarifaction of the air 
by heat. See page 66 and 67. 


Fig. 8, pl. g, repreſents th 
It bi of a my copper veſſel B, a beam A, C, and a 
Rand for the beam. I's exhauſt this veſſel, unſctew the tap 
, then ſcrew that end of the veſſel to the hole in the pump:plate;, 
work the pump till you find by the gage that the air is extracted; 
you may ch 
to the beam. The difference between the weight of the veſſel now 


and before it was exhauſted, gives the weight of the air it con- 


tains, The air cannot te- enter when the veſſel is taken from the 
pump- plate, becauſe there is a valve at the upper part. 
Fig. 7, pl. 3, repreſents the mode of ſtoppitig a bottle in 
1 f Wai for let 
ig. 21, pl. 3, repreſents an apparatus for letting any pow- 
der or liquid Lig a veſſel after it has been exhauſted. 


Fig. 22, pl. 3, an apparatus ſor mixing different fluids in 


vacuo. 
I he nature and uſe of the three foregoing articles may be ſo 
eaſily conceived from the feſpective figures, as to render a de- 
ſcription unneceſſary, _ | | 
Fig. 14;pl. 2, is a transſerer and receivet, placed on -a large 
receiver, in order to produce a vacuum ſuddenly; for this purpoſe 


the urider one is to be exhauſted, you then turn the cock, and 


the airby ruſhing out of the ſmall receiver, will be confiderably 
And ſuddenly rarified : the degree of rari faction will be in pro- 
portion to the difference between the capacities of the two re- 
KELVErS4 | | 


the air, the phoſphorus 


ling up the 


e apparatus for weighing ait. 


en unſcrew the veſſel, put on it's cap, and: ſuſpend it 
» P Py 15 
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ConDENSING MACHINE, 


Fig. 1, pl. 2, repreſents a condenſing machine, or inſtrument 
to comprels the air. AB is a ſtrong glaſs receiver, fit to re- 
ceive and bear the preſſure of the air when conſiderably con- 
denſed. CD is the ſyringe by which the air is thrown into the 
receiver: to work this you pull up the piſton above the hole, 
which admits the air to enter and fill the barrel of the ſyringe ; 
the piſton being preſſed down, forces the air through a valve 
at the bottom of the barrel, from whence it paſſes up the tube into 2 
the receiver, but cannot return on account of a valve at the bot- | 
tom of the barrel. E is the gage, which conſiſts of a glaſs tube 
open towards the tube FG, but hermetically ſealed at the other 
end. A ſmall quantity of quickſilver is left in this tube, which 
is 13 towards the ſealed end on every admiſſion of air, 
and therefore determines by the proportion between it's original 
diſtance from F, and the diſtance when in a ſtate of com- 
preſſion, the proportional denſity of the included air to that of 
common air; for as the air preſſes the quickſilver forwards, it 
ſhews the reſiſtance of the included air, whole denſity is always 
inverſely as the ſpace it occupies; the receiver is confined down 
to the plate by the tranſverſe piece G H, which is maintained in 
it's fituation by the ſcrews IK LM; is a thick braſs plate to 
cover the top of the receiver; it is furniſhed with a wire paſſing 
through a collar of leathers. Acage is ſometimes placed over 
the receiver to prevent any accident, if the glaſs {hould be burnt 


by the receiver. | 
Fig. r3, pl. g, is the view of a fountain which is made to 
act by condenſed air; there is a pipe which deſcends almoſt to 
the bottom of the veſſel, the veſſel is to be nearly filled with wa- 
ter, then the ſtop-cock and pipe are to be ſcrewed into their 
place, and the ſyringe ſcrewed on the ſtop-cock ; by-this you 
charge the veſſel with air: then turn the cock, remove the ſy- 
ringe, and place either of the jets thereon. The fountain is often 
- furniſhed with a baſon to receive the waſte water. | 
Fig. 19, is an agreeable jet that ſupports a ball on the top, 
dancing on the crown of the jet. Fig. 15 is a jet from which 
the water ſpouts, ſo as to form a kind of fluted column. Fig. 12, 
14, 16, are jets of different ſorms. On the top of the fountain 
is placed a jet in the form of a croſs, the lower part ſcrews to the 
fountain, the upper part has eight jets, a, b, c, d, e, f, g, h. 
The jets a, b, ſpout horizontally; the jets c, d, vertically up- 
wards; thereby forming two ſquares, one on each ſide of the 
upper part of the croſs, and meeting each other in a point, in 
which point the vertical jet is prevented from mounting higher 
by the action of the horizontal jet, while this is alſo prevented 


from proceeding horizomally by the action of the vertical jet, as | 
By | | that 


— 
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that the ſtream aſſumes a different direction, at firſt intermediate, 
but afterwards falls into a parabolic curve. The ſame may be 
ſaid of the other vertical and horizontal jets. Fig. 5, pl. 2, fſoun- 
tain of command, deſcribed page 21. Fig. 4, pl. 2, the anti-guggler, 
deſcribed page 22. Fig. 3, pl. 2, a double funnel; it is uſually 
made of tin doubled; it is firſt to be filled to the brim with wa- 
ter, ſtopping the end of the pipe with the finger; the fluid riſes 
at the ſame time into the vacancy or hollow between the plates; 
the air included in the vacancy paſſing through a hole which is 
generally concealed under the handle, this muſt be ſtopped 
when the machine is full, and continued ſo till you think fit to 
diſſolve the charm, and ſet the water confined therein at liberty 
by removing the finger. | „„ 
Fig. 21, pl. 1, repreſents models of the common houſe and 
forcing pumps : theſe are ſufficiently deſcribed page 90. Fig. 1 
and 2, pl. 3, Mr. Smeaton's pyrometer, fully deſcribed page 
229, hc, 5 | | i 
I Fig. 3, pl. 5, the Rev. Mr. Wm, Jones's pyroſtatical in- 
ſtrument, to ſhew the force of expanſion; A, is a bar of braſs or 
iron placed vertically between the tops of the frame d, d, d, d, 
and the ſhorter arm of the lever L ; the reſt of the inſtrument is a 
compound ſteelyard; a ſmall weight at V, counteracting a con- 
ſiderable force at X, the motion of the ſhorter arm is rendered 
very ſenſible by the deal rod. Fig. B, a box to heat the bar 
A to boiling water. Fig. 5, a circular heater and ſtand for expe- 
riments in vacuo. Fig. E, an iron heater. Fig. C, a veſſel for 
weighing the force of froſt, Fig. D, an occaſional lever when 
the veſſel is uſed. | 5 
Pig. 4, pl. 3, a the mometer. J 
Fig. 5, pl. 5, an ec ipile placed on a ſmall carriage. See 
page 292. NV * gl . 
Fig. 6, pl. 5. repreſents Papin's digeſter. A, B, C, D, the 
copper veſſel; AB, the cover faſtened down by the ſcrews; at 
E is the conical valve, which is kept down by the ſteelyard; 
G, H, and it's moveable weight. See page 2990. 
Fig. 7, pl. 5, is a ſmall inſtrument for illuſtrating the nature 
of evaporation and ebullition, See page 314. See page 316 for 
an account of this inſtrument, Fig. , pl. 5, the ſame mounted 


in a different manner. 


Fig. 8, pl. 5, the mode of mounting large burning lenſes, See 
Page 39g. . . . 

In plate 4, Mr. Lavoiſier's calorimeter is repreſented in per- 
ſpective at fig. 12. It's interior ſtrufture is ſeen fig. 19 and 14, the | 
former being a vertical, the latter an horizontal ſection. f, f, f, f, fig. 
13, the interior cavity, into which the ſubſtances are put. b, b, 
b, b, fig. 19 and 14, the middle cavity to contain the ice 


which is to be melted; this is ſupported by the grate m, m, Wn 


under which is placed the ſieve nen. Theſe two are ſeen fe- 
parately at fig. 15 and 16, In proportion as the ice is melted, 
Vor. I. . . the 


; ; % | 
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the water runs into the conical funnel c, c, d, fig. 13; this watey 
may be retained or let out at pleaſure by the ſtop-cock u, y. 
The external cavity a, a, a, a, fig. 14 and 15, is filled with ice to 
revent any effect from external heat on the ice in the cavity 
„b, b, b. Fig. 17, the lid to cover the machine, The ſubſtances 
to be operated on are placed in the thin iron bucket, fig. 18, the 
cover of which has an opening fitted with a cork, into which 
ſmall thermometer is fixed, ' When acids are uſed, they are put 
into a glaſs veſſel, as fig. 19, which has alſo a thermometer fittec 
to it's neck. Fig. 21 is the interior cavity, Fig, 22, the lid 


ta ditto. Sex page 2633. 


APPARATUS FOR ELASTIC FLU1DS. 


The tub or trough, fig. 1, pl. 6, is ſufficient for every ope- 
ration that can be performed with water; at the end A B of the 
tub'is a ſhelf. The receiyers, jars, &c. are to be filled firſt with 
water in the deep part; and then being turned with their mouths _ 
downwards, are to be placed upon the ſhelf. The water m the 
tub is always to be about half an inch or more above the ſhelf. 
a is a ſmall phial, into the neck of which is fitted a bent tube 
the end of 'the tube that fits the bottle is ground ſo as to be a 
complete ply os ; the elaſtic fluid generated by any proceſs in 
the phial, paſſes through the tube, and riſing up into the jar, 
drives out the water; by this means you fill a jar with ſuch a 
quantity of air as will be convenient for your experiments. 
Pig. 3, pl. 6, repreſents a marble trough for operating with 
mercury. Fig. 4, is a ſection of the trough, with a receiver 
ſtanding in it's place. f, f, f, meaſures which have a known 
proportion to each other; g, g, g, are graduated tubes for eudio- 
metrical experiments. „ | „ 
Pr. Prieſtley ſays, the moſt accurate manner of procuring 

air from many ſubſtances by heat, is to put them, if they will bear 

it, into ſuch phials as a, a, a, full of quickſilver, with their 
mouths immerſed in the ſame fluid, and hen throw the focus of 
a burning mirror upon them: for this purpoſe, the bottoms 
ſhould be thin, that they may not beliable to break on a ſudden 
application of heat, OS: 7 | 2442 
Fig. b, pl. 6, a common glaſs phial, with a ground ſtopple 
Having many holes in it. This is uſeful for conveying any fluid 
or air-contained in it through water into a jar, ſtanding with it's 
mouth iriverted in it, without admitting any mixture of com- 


vo 


mon air. | | 
Fig. 2, a phial ſufficient for any purpoſe that does not re- 
uvire more heat than the flame of a candle. If it is to be put 
into a Crucible placed on the fire, the'tube in which the ground 
ſtopple terminates muſt be longer, as at e. A long phial, uſeful 
„„ , rh 


ch - os : 
Mw | : ; Fig, 
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Fig. 6, plate 6, a uſeful apparatus for making a quantity 


of air paſs through a body of water, or any kind of fluid; the 


air enters by the tube which goes to the bottom of the veſſel, 
and is delivered by that which is only inſerted at top. Dr, 
Prieſtley ſays, he has frequently had occaſion to uſe a number 
of theſe veſſels at the ſame time, that the ſame air may paſs 
through them all in ſucceſſion, See fig. 7, plate 6, 

a Fig. 8, plate 6, is Mr. Woulfe's apparatus for diſtilling 
nitre, conſiſting of a retort a, an adopter , a receiver c with two 
orifices, one d for the diſcharge of the diſtilled acid, the other 
e as an outlet for the ſuperabundant vapour. 

Fig. 9, plate 6, a tin veſſel, incloſing another of iron wire; 
the outer vellel is for a charcoal fire, ſurrounding the inner one, 
which. being open at bottom will admit the upper part of a glaſy 
Jar, which may be heated equally as much as the glaſs will bear, 
without giving more heat than is neceſſary to the lower. 


Fig. 10, plate 6, a convenient wooden frame to ſupport 


ſeveral glaſs tubes in a baſon of water or quickſilver. | | 
Fig. 5, plate 6, the apparatus for impregnating water, de- 
ſcribed page 481. . 


Fig. 11, plate 6, gn apparatus for inveſtigating the force of 
t 


ſteam it is deſcribed in the next volume, In the original arrange- 


ment of theſe Lectures, I deſigned that thoſe on water ſhould 


have made part of this volume; but from the augmentation 
they occaſionally received, I found it neceſſary to alter this 
part of my plan, | 

Fig. 12, plate 6, repreſents an apparatus for determining 
the abſolute gravity of the different gaſſes, . 


Fig. 12, plate 6, is a large balloon, capable of holding 17 


AY pints, or about half a cubical foot, having the braſs ca 
bed e ſtrongly cemented-to it's neck, and to which the tube ie, 
ſtop-cock fg is fixed by a tight ſcrew. This apparatus is con- 
netted by a double ſcrew to the jar B C D, which muſt be ſome 
pints larger in dimenſions than the balloon, This jar is open at 

top, and is furniſhed with the braſs cap hi, and e Im. 

I determine the exact capacity of the balloon by filling it 
with water, and weighing it bork Full and empty. When 
emptied of water, dry it with a cloth introduced through it's 
neck d e; the laſt remains of moiſture are to be removed by ex- 
hauſting it once or twice by an air-pump. : 

When the weight of any gas is to be aſcertained, this appa- 
ratus is to be uſed as follows: fix the balloon A to the plate of 
an air-pump by means of the ſcrew of the ſtop-cock fg, which 
is left open; the balloon is to be exhauſted as completely as 
poſlible, obſerving carefully the degree of exhauſtion by means 
pf the barometer attached to the air-pump. When the va- 
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then fixed to the jar BCD, which we ſuppoſe placed in water 
in the ſhelf of the pneumato-chemical apparatus; the jar is to 
be. filled with the gas you mean fo weigh, and then by opening 
the ſtop-cocks fg, and lm, the gas aſcends into the balloon, 
whilſt the water of the ciſtern riſes at the ſame time into the 
jar. To avoid very troubleſome corrections, it is neceſſary, dur- 
ing this firſt part of the operation, to fink the jar in the ciſtern 
till the ſurfaces of the water within the jar and without ex- 
actly correſpond, The ſtop-cocks are again ſhut, and the bal- 
loon being unſcrewed from it's connection with the jar, is to be 
carefully weighed; the difference between this weight and that 
of the exhauſted balloon, is the preciſe weight of the air, or gas, 
contained in the balloon. Multiply this weight by 1728, the 
number of cubicat iriches in a cubical foot, and divide the pro- 
duct by the number of cubical inches contained in the balloon; 
the quotient is the weight of a cubical foot of the gas, or air; 
ſubmitted to experiment. | | 8x; 
An exact account mult” be Kept of the barometrical height 
and temperature of the thermometer during the experiment; a 
cubical foot is eaſily corrected to the ſtandasd.. The ſmall por- 
tion of air remaining in the balloon, after forming the 'vacuum, 
muſt likewiſe be attended to, which is eaſily determined by the 
barometer attached to the air-pump. If that barometer, for in- 
ſtance, remains at the hundtredth part of the height it ſtood at 
before the vacuum was formed, we conclude that one hun- 
dredth part of the air, originally contained, remained in the 
balloon, and conſequently that only Ye of gas was introduced 
from the jar into the balloon. | | | h 
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